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MICROBIOLOGY KESEARCH DIVISION 


MICROBIOLOGY OF DRIED EGGS AND RELATED EGG PRODUCTS.... 
Heat resistence of Salmonella organisms isolated 

from spray-dried whole-egg DowdCTrecssceseeceeeess 

Mold in spray-dried whole-cgg DOWGeressceeeeerceees 
ferobic mesophilic sporeforming, bacilli isolated 

from CEE POWdET eeveesoceseceverersccesscesescvess 


An investigation of hypochlorite solutions as used 


in the egg-breaking and dehydration industry...e. 
RESEARCH AND RARKETING ACT PROJECTS. cccccccccccesccsecs 


NAVEL STORES RESEARCH DIVISION 


INVESTIGATION OF NAVAL STORES PRODUCTION, PROCESSES, 1D 


+; 


EQUIPMENT . ce cccccccncsvcsssccsesscrerssesssseseseress 
Processing of Dine FUMescccccccereereaccserecsrcees 
Studies of cup and gutter material seccececercsesses 

INVESTIGATION OF THE COMPOSITIG , COMPONENTS, «AND 

DERIVu.TIVES OF HAVAL STORES ccccccccccereersescsecces 
Synthetic elastomers from turpentine derivatives... 
Chemical derivatives of the pineneSe.ceceesersecens 
COMPOSI tion STUGICS seewceceesecerevresesevevesevers 

INVESTIGATION OF TH); USES OF Mi. VAL STORES ccccseccecces 
Purification of dehydrogenated PGHGGIS clad reigns bes" 
Utilization of resin AacidsSeccccssccccccceseessevers 
Preper.tion of resin esters and metallic resinates. 

INVEST IG..TICNS UNDER RESE.RCH .ND M.REBTING aCTecsesees 
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WATURLL RUBBER EXTRACTION & PROCESSING INVESTIG.T IONS 
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SOUTHERN REGIONAL RESHARCH LABORATORY 
Walter M. Scott, Director 


eany a cele INVESTIGATIONS : 


comtox LIND 


Structure and Basic Properties of Fiber. 


The aMmeneionel changes that take miace in cross eet a of 
cotton fibers upon mercerization and upon swelling with water have 
been studied in different varieties of cotton selected for. fiber 
size and maturity. The effects of mercerization were observed in 
16 varieties. Immature rather than mature cottons appeared to 
‘give the greater increase in cross-sectional area and the greater 
decrease in outsfde wall perimeter. sah err 


ithe ease of the Gasreiential ae ee e abe asa measure of 
wall thickness has been ‘corroborated in several. ways. One of the 
most striking examples occurred when a certein sample of Indian 
cotton produced fibers which dyed red -at.the.base and green at the 
tip,. indicating ‘thick and thin cell walls, :respectively. . A single 
fiber ef this type was therefore cross-sectioned at. 450 points 
from base to tip. These cross sections bore out completely the 
evidence of the differential dyeing test. 


..Of the three indirect methods of measuring ine: outa ne capac-— 
ity of cotton.by water retention, previously reported, the one in 
which the water is removed ‘DY. ‘centrifuging has given the most use- 
ful results to date. The method in which ‘the water was ‘removed by 
- pressure has been. definitely abandoned for a ‘nuniber, of reasons -- 
-one of the most serious experimental difficulties was the inab} lity 
to: prevent rewett ing when the pressure was, released. The method 
employing the.rate of. desiccation will be further Anvestigated. 


Measurements of the ‘fiber strength. ‘of. samples of cotton of 
known history have continued. The. breaking strength of such cot- 
tons using different specimen lengths. has, been determined, This 
work-has permitted estimation of the effective . -specimen length of 
the bundle used in the Pressley method. From. data obtained on 
Stoneville and Wilds fibers this effective porate lies between 
1/16 and 3/32 inch, eee pate Bae ge agit, 2 

The density of raw Bhan bind nonsurna by Gueanasey 
gradient method recently proposed for the study of plastics. The 
Sear of- various raw cottons so, determined varied from 1.535 to 

1,543 em./ml. When wax.was removed by solvent extraction « or when 
the cotton was’ mercerized, the density 1 was lowered. . 


-2— 


The discovery that-grinding decreased the. crystalline-amor- 
vhous ratio as determined by acid hydrolysis has been confirmed by 
measurements of accessibility (based on liberated glucose), heat 
of wetting, moisture absorption, and fluidity. No correlation 
with these results was apparent. with X-ray. measurements, but.it.is.. 
believed that the extent of the decrease Was Bar ha ata to be ob- 
served by this method. 


Organic Acids tn Raw Cotton 


The relationship between the ash alkalinity of raw:cotton — 
fiber and the sum of pectic and other organic acids has ‘been inves- 
tigated. Close agreement has been observed in 7 out of 10 samples. 
In the other three, the ash alkalinity exceeded the sum of the 
acids by about 2 milliequivalents. The pH of the water extracts of 
these samples was 7.5 or higher, Jt is reasoned that the organic 
acids in these cottons had served as nutrients for microorganisms 
and were thus reduced, increasing the alkalinity of the water ex- 
tract. This is. being extended to include samples of cotton of 
known weathering or exvosure before picking. ae 


Freezing and Nonfreezing Water in Cotton 


The investigation of the freezing and nonfreezing water in cot- 
ton fiber using the heat of fusion method is being extended to de- 
termine the influence of chemical treatments such as purification, 
mercerization, and acetylation. Jt has been established that pro- 
nounced differences observed in the proportion of bound water to 
total moistures between 5 and 37 percent depend upon the previous 
condition of the fiber. sample, that is, upon whether equilibrium is 
reached by sorption or desorption; and that, for the given total 
water content, the percentage of nonfreezing water is greater when 
the moisture equilibrium is reached by desorption. Beyond a total 
moisture content of about. 30 neh arte however, the difference is 
nefzligible. These results have a bearing on the theory for the 
mechanism of. the hysteresis phenomenon observed for sorption and de- 
sorption isotherms, 


Fiber and.Fabric Pornsity 


Pore-size distributions on fabrics of various constructions 
have been determined by dilatometric measurement. The curves show | 
relatively smooth distributions between about 2,900 end 50,000 
Angstrom units, with maxima varying between about 20,000-40,000. In 
this pore range the most probable lncale of void spaces is wi thin 
the yarn itself, namely, inter—fiber void spaces, This was borne 
eut in a comparison of the distribution of two fabrics identical in 
thread count, weight per square yard, thickness, and yarn number, 
but with the significant difference that one was woven from yarn 


spun fone byery: ines ghin-wallaa Tibers; while the eihee fabric 
V Gena’ up from yarn spun from more mature, thick-walled fibers. 
: The ‘pore-size distribution curve of the first fabric was in a 

“ lower range of pore radii than was sa sere of ‘the second fabric. 


- Tn two febvane woven from the same yarn but aifferine fron. 

one. eenines in that one contained 50 percent mare picks per inch 

than the other, the poré-size distributions wére nearly identical, 

in spite of the increased number of picks, This, tao, indicates 

that the inter-fiber spaces within the yarn are the determining 

factor in the pore-size distribution between 25 990-50, 200 gece 
units. 


Cotton Cellulose and Its Derivatives 


--‘Fhe study of the properties of the cuprammonium complex with 
_ Cellulose and with other carbohydrates has been continued. The 
findings in a wide variety of substances are being eonsidered to 
discover whether any generalizations may be drawn concerning the 
structure an ‘solution of ‘sugar molecules and their derivatives. 


A superior methad has been developed for the determination of 
glycosidic methoxyl. This method appears to be specific for 

— methoxyl in glycosidic linkages in small or large quantities in the 
presence of other methoxyls.. It is. being used in: investigations of 
Tater structure. and degradation of CeLlale se 


“Tt has been shown that. eotton yarns tas. with Liquid am- 
-menia retain a greater proportion of their strength. when heated 
than an untreated yarns. That this effect does not occur with the 
single fiber indicates the influence of cas in physical proper- 
ties other than fiber strength. bY, 


aninizea Cot ton ee 


oes A method has ‘been aealones for the introduction of am ino 

_ groups into cotton by use of -2-aminoethyl sulfuric acid, Cotton 
_ fiber, yarn, or fabric is moistened with a 10 percent solution of 
Res: _ this substance containing 25 percent sodium hydroxide. ‘The treated 
material is heated for 4O minutes at 100° C. and then washed 
thoroughly. The nitrogen content of the cotton so treated is about 
9.56 percent of the dry weight. The treatment only slightly _ 
. reduces the breaking strength of the fabric, The treated fabric 
uk dyes readily with acid wool’ ‘dyes, The amino groups serve as points 
a fee the’ addition of various elements or greups of. elements to fur- 
ther modify entton fabrics for particular end use purposes, This 
ae LS fllustrated by the addition of metallic elements to aninized cot— 
ton fabric to obtain rot resistance, 


to open up matted toupee or ‘tufts: is eatian to a ‘Tnade aad fluffy 
state is nearing completion, The new equipment will be connected sia 
with a line of cotton preparatory machines already in operation, 
The objective is the preparation of lint eotton for better ree 
ing ‘prior to manufacturing than sbtained with existing commercial — 
machinery, without appreciable injury te the staple.” Ifithiseys: 
machinery performs satisfactorily it should have application to" 
the processing of mechanically harvested cottons, 


Cotton Manufacturing Operations 


A study has been completed of the effect on the strength oe = 
grade of a single coarse yarn (15.75 $) of changes in drafts dur 
“ing the: drawing, roving, end spinning processes, Four different 
cottons varying in staple lengths from 1 to 1-1/2’ inches were used. 
It was found that any appreciable increase in the spinning drafts — 
definitely reduced strength with no effect on grade; but that — 
neither the changes in drawing frame drafts and doublings nor in 
roving frame drafts caused any apparent loss in strength, or any 
change in yarn grade. . 


Rotproofing Cotton by Partial Acetylation Pare 


Research has continued on the rot-resistant cotton products 
prepared through the chemical modification of the cellulose by ae 
partial acetylation.’ In continued research on the chemical modifi- 
cation of cellulose by partial acetylation to produce rot-resistant 
entton, emphasis has beén upon the product ion of treated neterials . 
for trials in actual service. : 


“Acetylated cotton cord, twine, and fish nets are nero 
tests in sea water and in the Great Lakes. Where reports have been es 
received the modified enttons are proving much more durable than un- 
treated cotton. Manufacture has been started on a small connereial 
eo of acetylated bags. for use in domestic. water-softening | 

ystems. An experimental fabric. made up as a lining in. shoes : is ‘be- 
ae subjected. to wearing tests. ‘The reports of many ees tests On 
are still to be received, 7 


{ 


~ 


. Since i appears ‘advisable to ascertain more exactly tis. ven a 
tions that o¢cur in acetyl group’ distribution during the part ial 
acetylation of eotton cellulose, as well as the influence that such — 
variations may have upon the properties. of the product, plans have 
been na de for a detailed State of eds s phase of the SUL ache 


The information obtained in exposure tests of cotton fabrics 
during the past several vears has led to a better understanding of 
the mechanism by which cotton is degraded under the influence of 
weather. This knowledge has been utilized in the formulation of 
more effective weather-resistant finishes, some of which appear to 
offer interesting possibilities ran commercial development. 


Experience has shown that cotton goods in the gray ar loom . 
state are more susceptible to rotting because of biological attack 
than sre goods of similer construction from which the non-cellu- 
losic constituents have been previously removed by processing 
steps such es scouring, kierboiling, or bleaching. Since. ‘under 
certain conditions of exposure in warm and moist climates bdiologi- 
Cal damage to cotton textiles is often severe, it has generally 
proved advisable to employ commercially purified goods for: out-of | 
doors use. This is less important with light goods of open struc- 
ture such as tobacco cloth than it is with closely woven duck or 
canvas, since the former type of fabric loses its noncellulosic 
constituents rapidly from the action of rain, and thus offers less 
nutrition for micro-organisms. 


Next to mildew, the cho toch 1emical action of sunlight appears 
to be the-chief destructive factor in the weathering of cotton. — 
. The reaction here inveivecd is believed to be oxidative in nature, 
the absorptica of shortwave energy from sunlight markedly ac- 
celerating: the normariy very slow oyidation that occurs in cotton 
cellulose exnosed to ordinary atmospheric conditions. Numerous 
minerel pigments are avie to absorb solar energy, and thus may de 
emploved as a Protective finish for cotton tertiles in exposure to 
sunlight, ‘t has been found that a colorless urea-formaldehyde 
finish is aiso effective in protecting cotton materials ageinst 
photochemical action; and that a finish conteining a mineral pig- 
ment dispersed in urea~formal dehyde gives a higher degree of pro- 
tection than dees either component seperately. For instence, a 
sample of untreated cotton duck suffered a loss of warp breaking 
strength of UG percent, while a sample of the same fabric finished 
with a dispersion of lead chromate in urea~formaldehyde resin 
showed no strengtn loss at all. emples of this fabric finished 
separately with leed chromate and with urea~formaldehyde each lost 
about 20 percent. 


An ES omina eden of untreated tobacco shade cloth after a 
season's use in North Florida indicated that the damage suffered 
(about 50 percent strength loss) was almost entirely due to suh- 
light, with little or no evidence of: biological attack, For this 
reason effort has been concentrated on the development of mineral 
pigment treatments of the ultraviolet-screening type which may be 


Riineenvel s, 


‘better machine for removing this excessive elongation, a stretching 


the tyvve of Ree preferred by the rye eine growers” $s toe widens 
be vrocessed on regular machines availeble to “the majority of cot- 
ton finishers;;.an attempt is now being made to treat the fabric. Behe Nik 
betches on standard.laundry equipment. Tt is hoped that a Ratbone tia 

able yardage of treated.fabric may de made available during Bao 
for Rites alphas in yt 


Tmprovenent a eovten rosknsn Methods 
The work: on + Seana we has consisted very largely of a survey 
of current practices and has culminated in Department: Technical 
Bulletin No. 941, entitled "Commercial Cotton-Bleaching piaeouees 
and Their Effect on Fabrics." . The bulletin is intended bere 
ly for reference to show the generel level of present-day quality — 
for comparison with the results from Paper ama y es bleaches or — 
future commercial developments. 
sce as with the Ameticen Association of Textile Chemists 
end Colorists on the Quartermaster Project (now discontinued) of © 
obtaining the fastest possible OM-7 shade, was carried ton the 
point of reporting the results of chemical and color analyses. 
This question of dyeing ties in so closely with the Southern 
Laboratory's research on swelling and self-sealing fabrics that. the 
research will be continued here. 


A long-range taee t) on Mine effects of: storage on bleached | 
goods is contauing. 


Use of utaaes for Hep t ce 


The Pe poet of improved types of cotton tire cord has’ con- ep 
tinued to be amajar line of reseerch at the Southern Labora atory. ee 
The liaison customarily maintained with industry has recently been 
improved by appointment of colleboraters from the mejor tire manu- — 

facturing companies, Twn profiteble conferences were held at the 
Laboratory during 1947 with subsequent meetings planned at 6-month 


New stretching device. When cotton tire cord is removed from 
the final twisting machine, it has a higher elongation at rupture ~ 
and at verious loeds than is desirable. With a view to providing a 


device has been perfected which subjects the cord to a constant 
tension during stretching, instead of to the cnustan!. percentage of.) 
stretch applied in present commercial practice, With tue new’ . 
machine, segments of the cord he ving a high original elongation are . 
pulled down more than segments having a lower elongation, gE) 


¢ 


Ptah dh. tendency tn “cancel out any uapunt een te of elongation eka 
present in the unstretched cord. With the commercial methods, ob- i 
viously a cord having a higher original elongation than another 
cord will have less elongation taken out when both are subjected } 
to the same percentage of stretch, with the tendency to pass on vais 
into the finished cord any nonuniformity in elongation present in 
the unstretched cord. — | ‘Oa 

A number of tire and tire cord manufacturers are extremely in-. 
terested in the new stretching device and several have sent repre- 
sentatives ‘to obtain first-hand information. Cooperative experi- 
ments are now being carried on to obtain full information regarding 
its mere ne apathy Mee 


Service tests on lee eouintee AE Claims have been repeated- 
ly made that satisfactory, large-size, synthetic rubber tires for 
highway service cannot be made with cotton cord. Partly to check 
‘such claims, but verticularly to obtain performance data as a guide 
for research to develop improved types of cotton cord, thé Southern 
Laboratory secured the cooperation of a large tire menufacturer in 
building four groups of 9.99-20, S-6 (about 70 percent synthetic 
rubber) exverimentel tires for highway service tests... One group. 
was made with regular-production cotton cord, two groups with ex- 
perimentel cord made from Wilds cotton by different processes, and 
one group from reguler-production rayon cord (this last group. fer. 
purposes of comparison). Through the cocperation of four New 
Orleans trucking firms, a tire from each group was placed in four 
aifferent classes of service. Accurate records were kept of the 
loads carried on -each trip, and measurements were taken at regular: 
intervals on treadwear, growth, operating temperatures, and air- 
pressure build-up. pit 


One group of the tires, mounted on the trailer of a truck, was 
run at moderate speed underloaded, and was still in operation at 
148,900 miles. A second group, mounted on the rear tractor wheels 
of a truck, was run at normal loads and moderate speeds, and was 
still in service at 55,000 miles with no failures and one recapping. 
The third group, tested on the rear tractor wheels at overloads at 
high speeds, is out of service, one tire having been removed at 
about 18,990 miles owing to an injury and the others having success- 

fully taken two recaps for a total of 69,900 miles -- more mileage. 
than the trucking company concerned ordinarily runs tires in this 
class of service. Of the fourth group of tires, operated on. the Ms 
rear tractor wheels éverloaded at high-speed, two cotton-cord 7 hae 
tires were removed. at 18,000 miles owing to injuries; another. eotton- ; 
cord tire took two recaps for a total of 59,000 miles before failure 
of the carcass and the one rayon tire remains in operation | after 

79, 390. miles,. 
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Jt is of interest that these tests, which have provided the 
useful performance data needed, also have indicated that even 
standard commercial cotton cords are entirely satisfactory for use 
in large tires in high-speed, moderately overloaded service, 


Economie and Technological Surveys and Appraisals 


Southern Laboratory personnel contributed to the research 
program report entitled "Study of Agricultural and Economic 
Problems of the Cotton Belt," published by the Cotton Subcommittee 
of the House Committee nn Agriculture in 1947, They participated 
in summing’ up the facts and conclusions in the projects of this 
Subcommittee relative to the marketing of cotton, cotton's com- 
petitive position in end-use markets, and the impact on cotton of 
competitirn from synthetic fibers. and paper. 


In connection with ee latter study, a survey of the opinion 
of textile chemists’ and engineers indicated that cotton at present 
Is decidedly superior ta rayon in launderability and wet strength, 
and is superior to it in such properties as fastness to dyes, 
resistance to abrasion and dimensional stability; but that, if 
present research trends continue, cotton will lose at least part of 
these advantages in the next few years. In the summary of the 
study it was stated that cotton has lnst important end—use markets 
during the last 15 years to rayon and paper, end faces the prospect 
of greatly intensified competition from them in the future, as well 
as from the synthetic fibers other than rayen, only now beginning 
to be produced in quantity, It was concluded that if consumption 
of cotton is to be maintained at anywhere near present levels, cnt- 
ton must have a competitive price and be supported by much more ag- 
gressive research and merchandising programs than in the past. 


Comprehensive basic information nn the cansumption in the 
United States of cotton, worl and related fibers, silk, flax, raynn, 
other synthetic fibers, jute, the various hard fibers and hemp, has. 
been enmpiled for the period 1892-1946, The data reported indicate 
that, following a level or only slightly rising trend between 1918 
and 1940, there was a sharply upward trend in the consumption of 
fibers in the United’ States during World War IJ. Although fiber 


consumption has declined since the peak perind of 1941-2, during 


1946 4t was greater than for any other peecetime year. Of the total 
quantities of fiber made available for ultimate consumption in 1946, 
entton comprised 61 percent; rayon, 11 percent; wool, 10 percent; . 
jute, 19 percent; hard fibers, 6 percent; and silk, flax, other 
synthetic fibers and hemp, less than 1 percent each. Per capita 
consumption of fibers failed to show any sustained increase’ during 
the long perind from 1905 to 1939, but jumped to record heights dur- 
ing World War II, and in 1946 remained far higher than during any 


aoe 


prewar year. A preliminary survey for 1947 in conneetion with the 


study, indicated that total mill consumption of all fibers was as 


great in that year es in 1946, but thet because of unprecedented 
exports of textiles, the quantity remaining in this country for 


ultimate consumers was sharply down from the vrevious year, par- 
ticularly so for cotton. 


COTTONSEED 


Improving Storage Properties 


‘Investigations of the chemical method of controlling de- : 
terinration of cottonseed have been continued. In laboratory- 
scale tests 30 organic chemicals have been found which are biol- 
ogically active when applied to cottenseed in small amounts. These. 
will be used in further research on the nature and behavior. of the 


_, enzyme systems af cottonseed and other oil-bearing materials. 

Their effect on bacteria in relation to spoilage will also be in- 

vestigated. A determination of effect.on viability is planned in 
cooperation with the Mississippi Agricultural Experiment Station. 


‘Three m4lil-scale exper iments eine 1946 enttonseed. anal flax- 


“seed (South Texas) crops were completed. in which the effectiveness 


af ethylene chlorhydrin alone or mixed with chloramine-T in in- 
hibiting heating. was demonstrated, The treatment was. more effec- 
tive in seeds having a moisture content of 22 percent or higher, 
and. less sa in seeds. of | lower moisture content. ; 


Two mill- onder ‘experiments nee 1947: ebttonseed crop have 
been completed and another is still under way. In the completed 
tests the treatment consisted in spraying the seed in a-closed 
conveyor as At moved to the bin with a mixture of propylene glycol 
dipropionate , and aimethyl bischlornmethyl benzene, in a ratio of 


OAs: 1 at the rate of 12.5 pounds of chemical mixture per ton of 
seed. The two experiments demonstrated that. this particular mix- 


ture effectively inhibited heating and the formation of free fatty 
acid in enttonseed having a moisture content of about 16 percent, 
There was a high correlation between the results obtained in the 
mill-scale tests end those obtained on seeds from the same lot 


_tested in the leboretory by the Té apid-screening techn ique. 


"Experimental work, on the storege of enttonseed under candi- 
tions which minimize changes has ‘been connleted. The results 


show that dry cottonseed (less than 8 percent moisture) may be 


‘ stored at -18° C. and perhaps at 1° C. without appreciable change 


in chemical comonsition. Prior to this work two indexes of de- 
terioration were available, that is, germination and free fatty 
acid content of the oil. -The present work, demonstrates the use- 


fulness of increase in the "red gnssypol" of Podolskaja or the 


nhs 


gn ssypurpurin: of Boatner and the increase in nongnssypol absorp- 
tion at 2360 4 as indexes of deterioration, The increase in ab- 
sorption may be due to a Change in the diene-conjugetion of the 
ofl. Since peanuts also show this change in storage, it sing be 
true of oilseeds in general during storage. 


Properties of Pigments 


New data continue to be obtained on the behavior and occur- 
rence of the pigments of cottonseed. _ The influence of species and 
variety on the content of gossypol and gossypurpurin in cottonseed 
grown under fdentical canditions (by the Bureau of Plant TIncustry, 
Soils, and Agricultural Engineering) was investigated. Samples. 
were analyzed for contents of moisture, nitrogen, gossypol and 
gossypurpurin, after which they were stored under identical condi- 
tions and analyzed for gossypol and gossypurpurin at fixed inter- 
vals over a period of a year, There waS'no apparent correlation 
between pigment content and length of fiber or Lipid and nitrogen 
contents. However, a definite relation: was found between species 
and gossypol and go ssypurpurin contents, even though there was a 
wide variation in the pigment content of different varieties of 
seed in the same species or subspecies, There was considerable 
variation but no consistent pattern of change in the gossypol. con- 
tent. On the other hand the variation in gossypurpurin content 
followed a consistent pattern:: the pigment increased rapidly the 
first 2 to 3 months of storage, ahd less rapidly thereafter. : 
Since the amount of pigment: is probably influenced by environment- 
al factors, a selection of varieties under different conditions of 
growth will be required for further investigat*on, - 


Color analyses of oils obtained in coiinere te: abexbi tans 
under different conditions of processing showed that hydraulic- 
pressed oils from wet-cooked seed:hed a lower initial bleach color 
and a less repid color increase during storage of the oils than 
had screw-pressed oils for dry-conked seed. ‘To understand better 
this behavior of seed during processing a series of laboratory~ 
' scale conking experiments was. ca ‘rried out. From these it''was con- 
cluded that the conversion of native cottonseed pigments to more 
highly polar compounds during cooking of the seéd in the presence 
of moisture is the result of reactions which’ occur within the pig- 
nent glands rather than in the extra-glandular tissues, as has 
previously been postulated. The ofls from seed cooked with differ- 
ent amounts of added water and with varied time and temperature, 
were examined in respect to refining and bleaching performance, 
Oils of least bleach color were obtained from seed ennked in the 
presence of relatively large anounts of added water (10+15 percent) 
and at relatively high temperatures (235°-2uu°F), -The feasibility 


of adopting this set of conditions in commercial’ operations, » how- 
ever, may depend upon the effect on the nutritional value. of. the 


meal obtained, . 
Solvent Extraction 


Research on solvent extraction of cottonseed has proceeded 
elong a broad front -- laboratory. studies to improve processing 
methods, pilot-plant runs to test equipment and opereting condi- 
tions, and design of improved units for process development re- 
seerch. 


An events sacle -- the denen of flaked meats to 
minimize formation of fines -- has been investigated on a lebora- 
tory scale by a percolation technique devised for the purpose. 
While some data have been obtained on the best combination of 
heat and moisture, the problem may still be far from final solu- 
tion for seed of ‘different histories. The correlation of re~ 
sults obtained by this laboratory percolation technique with 
those obteinéd ‘in. piloteplans: -operationsihas not yet been 
onnebesaned 


Four pilot-plant-scale runs were made to test various units 
involved in solvent extraction operations and to determine opti- 
‘Itum operating conditions, The ojl and solvent recovery plant 
performed in a satisfactory manner but difficulties encountered 
in the operation of the extractor and meel dryer have necessi- 
tated the redesign and alteration of parts of these units. These 
alterations are underway.. Over 11,090 pounds of flaked cotton- 
seed’meats were used in this research. 


Over 31,990 pounds of cottonseed have been cleaned, delinted, 
hulled, and purified in the cottonseed and peanut preparation 
plant to’ obtain the quantity of meats needed in process develop- 
ment research as well as for the production of oi1, glands, and 
meals required in other research investigations. 


COTTONSEED OIL 


_Spectrochemical Analysis of Vegetable Oils 


A spectrochemical method for the determination of trace 

elements in vegetable nils has been developed which permits de- 
termination of as little as 1 part of the trace metallic 

. elements in 19 million parts of of1. The method has-been ap- 
plied to some 40 types of vegetable oils and fats-for the de- 
termination of copper, iron; manganese, nickel, and tin, Traces 
_ of each of these metals have been found in at least some of the 
“ ofls, the concentration varying from zero parts per ‘million to 
exceptional cases of as much as 39 parts per million. Hydro- 
genated oils frequently show presence of hydrogenation catalysts 
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in the order of magnitude of 5 parts per million, and some refined 
and bleached oils reveal the presence of metallic contamination 
from the equipment used in the process or from.the containers in . 
which they were stored. 


SWEETPOTATO UTILIZATION INVESTIGATIONS © 


Commerc ial-Scale Sweetpotato Starch Processing ~ 


The sweetpotato starch manufacturing plant of the U. S.Sugar 
Corporation was opereted from December 1946 to March 1947; but 
production was at reduced capacity chiefly because of insufficient 
raw material. Additional technical studies of starch production 
during this period of operation further demonstrated that the basic 
flow sheet developed by the Bureau was sound, and that the design, 
equipment, and performance ef the plant were in general. gond. | 


At the close of this period, corporation officials announced 
suspension of further starch processing operations until solution 
of the problems encountered in field production of the crop. These 
problems, entirely agricultural, are essentially of the same nature 
as those encountered in the starch enterprise at Laurel, 
Mississippi, and as those which impede further. development of 
sweetpntato starch enterprises elsewhere. In the Mississippi under- 
taking, the cost of growing sweetpntatoes exceeded the price that 
the factory could afford to pay for raw material without the aid of 
Government subsidies. In the Florida undertaking it was estimated 
that the long growing and harvesting seasons and other fa¥erable 
conditions would assure sufficiently heavy sustained yields to re- 
duce crop production enasts to less than $19 per: ton, even with 
relatively high cests per acre. However, when production was 
sCaled up to the volume required to support the factory, difficul- 
ties not forecast by the results of extensive experimental plant- 
jing were encountered. Yields were much lower than estimated and 
costs were excessive. 


Byproduct Recovery and Utilization 

Research has been continued on the recovery and utilization 
of natural protein and production of Egon yeast from. sweetpotato 
starch pe Be waste waters, 


Réf itiements have been made in the pilnt-plant processes and 
equipment for coagulating, settling, and dewatering the natural 
protein concentrate. In large-scale experimental runs, sufficient 
crude protein and byproduct pulp were obtained toa produce. 800 pounds 
of an enriched pulp containing 11.5 percent crude protein and. 800 
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pounds of unfortified pulp containing 1.8 percent. crude protein. | 
During November 1947 the Department of Animal Industry. of the | 
Florida Agriculturel Experiment Station began feeding trials on 
calves for the preliminary nutritional evaluation of these 
materials. 


The pilot plane’ designed and built at the Southern EapOrRhece 
for the production of feed yeast from the sugars in sweetpotato . 
fruit water has been further tested on citrus press liquor in pro-.. 
duction runs carried out by the Agricultural Chemical . Research divi-. 
sion in cooperation with the Dr. P.Phillips Canning Cn. of Orlando, 
Florida. Details are given in another section of this report. 


Removel of Sugars and Proteins by Diffusinn Processes 


Renewed pilot—-plant investigations’ were undertaken to obtain 
added data on the application of diffusian processes to facilitate 
separation of solubles.and recovery of byproducts in conjunction 
with simplified sweetpotato sterch extraction and purification 
processes. ial 


A series of diffusion experiments were alsn carried out Sn the 
laboratory on 2-kg. samples and in the pilot plant on 290-pound 
samples of cnssetted L-5 sweetpotatoes, both stored and fresh-dug, 
and with temperature and alkalinity of water systematically varied. 
whereas over 75 percent of the protein and practically all of the 
sugars are dissolved and appear in the first fruit water when sweet- 
potatoes are ground with water directly and screened in conventional 
equipment, only 4 percent of the protein and 60 percent of the 
sugars were removed by diffusion of cossetted potatoes. When the 
cossettes were pretreated with gaseous carbon tetrachloride as a 
plasmolyzing agent, the extraction of sugers was eee complete but 
only 47 percent of the protein was PemO Ue Hai 


Because the eect ian of shiner constituents is in- 
adequate and the recovery of high-qua ality ‘starch more ‘difficult, 
the aqueous diffusion of cossetted sweetpotetoes does not appear 
to meet the requirements of a simplified process for removal of 
soluble nonstarch constituents in sweetpntato starch orncessing © 
operations, 


Se ea Qualities of Different Var Seties ei Svcetpotetoes 


Samples of 25 varieties of ere abicnn sweetpstetoes and of 
the same number of table varieties, from the ‘1946 variety test 
plots of the Mississippi Apriculturel Experimant Station, were 
analyzed for sterch, It appeared that in high-sterch ‘Sweet—_ 
potatoes grown in the same location, variation. in the percentage | 
af moissture was the major factor causing variation in percentage 
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of starch. When reduced to the same moisture basis, the starch 
contents of three leading varieties of high-starch Sweetootatoes 
have been nearly identical for the past several years, 


The purified native starches from 22 domestic varieties of 
sweetpotatres have been, examined for amylose content. The group 
included ,established and new varieties of the starch and table 
types which exhibited a considerable range of variation in super- . 
ficial characteristics, The apparent amylose content of the non—_ 
defatted starches ranged from 17.5 to el.7 percent with an average 
of 29.3 percent. In 16 of the 22 varieties the velue fell in the 
range of 29.9 to 21.5 percent. Although the results do not en- 
courage the prospect of discovering a trend toward high amylose 
content jn any existing variety of. sweetpntato the quest should 
not be dropped in view of the higher industrial value of starch 
composed chiefly of straight chain amylose. 


PEANUT AND OTHER OILSEED UTILIZATION INVESTIGATIONS 
ee ene OID UPL I CATION INVESTIGATIONS 
PEANUTS 
Salvent Extraction . 


About 19,775 pounds of flaked peanut meats have been proc- 
essed with commercial hexane in continuous solvent-extraction 
equipment and auxiliary units for oil and solvent recovery. None 
of the runs has been successful in producing an extracted meal of 
suitably low oi1 and solvent content; but a product of satisfac- 
tory lipids content was obtained by reextraction of meats. A 
good deal of useful information was’ obtained on the nature of the 
operetional problems in the solvent extraction of peanuts. | 


Research has continued on the preparation of flakes of proper . 
toughness and stability for efficient handling during solvent ex- 
traction, A laboratory procedure was developed to determine in ad 
vance the practicability of a flake for pilot-plant extraction us= .- 
ing porosity as the criterion, with porosity judged by the time 
teken for fixed increments of solvent to percolate through a set 
volume of flakes. THis method was used to compare flekes prepared 
from (1) moistened meats which had been heated before flaking but 
with no additionel heating, and (2) from meats motstenéd to the _ 
same level as those of the previnus series and heated befrre flak. s 
ing plus heating in hot air after flaking. The heating with hot 
air made the flakes nbjectionably fragile, but gave faster percola- 
tion rates and flakes. lighter in bulk density. So far the combina-..”- 
tion of moisture and heat treatment before flaking avpears to give 
the best conditioning of the material for experimental: solvent 
extraction. Many more types of flakes will have to be tested be-— 
fore behavior in pilot—plent operatinns can be accurately. predicted, 
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PEANUT OIL . 
Improvement of: Stability 


Noreonidendrin, a chemical prepared from the sulfite waste. 
liquors of western hemlock, was further investigated as an anti- 
oxidant for hydrogenated and unhydrogenated oils and fats, ‘While 
$n general norconidendrin was slightiy less active in hydrogenated 
than in unhydrogenated oils, addition of only a small quantity of 
norennidendrin even to the hydrogenated ceils significantly im- 
proved keeping quality. 


For comparative purposes norconidéndrin was tested in lard 
end showed good activity. Tests of norconidendrin in the presence 
af other antioxidants showed that the addition of a-tocopherol re- 
Auced the effectiveness of norconidendrin. It was ~ found thet nor- 
eonidendrin was neither removed. nor destroyed during the deodoriza- 
tion vrocess, 


Studies of the structure of this compound.indiceted that the 
basic structure of the parent substence, conidendrin, survived 
demethylation; but with, apvarently, an alteration in the function- 
al side chain. Exneriments on the recovery of csnidendrin from the 
waste Liquors indicated that recovery was feasible by low-temvera- 
ture vacuum methods, followed by extraction with ethylene chloride, 
and may be. a possibility for conmereiel economy: in the production . 
of conidendrin. 


Samples of norconidendrin have been prepared and sent to 
numernus industrial firms for further testing and evaluation. 


PEANUT MEAL AND pe geen 


Taentification and Renoval of Nonprote in Matertals in. ‘Protein 
Preparations. 


The ‘nonprotein material in peanut »retein prepared by the 
usual methods from solvent-extracted:meal.has been. found to con-. _ 
sist of sugars, nonprotein. nitrogenous - substances, lipids, and ash. 
The first three grovips of substances can be removed to a large ex- 
tent by washing the protein with alcohol in. the wet curd.state; 
more efficiently when the curds: have not-been coalesced by dewater- 
ing. : 


Protein Production 


With the objective of aiding industrial concerns which are 
getting ready to use peanut protein in manufactured articles, pea- 
nut pretein has been produced in the pilot plant of the Southern 
Laboratory. Experiments were conducted using 100-pnound batches of 
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solvent-extracted peanut meal to determine the optimum conditions 
for carrying out the special process used to extract the protein. 
In the serfes of runs average yield was 4) percent protein, 
typically containing 16.3 percent nitrogen, 1.2 percent ash, 0.5 
percent phosphorus, and 0.8 percent sulfur.’ 


Fiber Production and Processing 
"S5 Cdpaay Rep ale eee cae eee ede 


Previous reports from the Southern Laboratory have described 
the vroduction of a fiber from peanut protein. This fiber proved 
practicable enough to permit further development by industry of 
the production process. Recently the Virginia-Carnlina Chemical 
Company has reported semi=industrial manufacture of the peanut pro- 
tein fiber "Vicara." From the befinning this company has followed 
the research developments at the Southern Laboratory. At least two 
other firms are preparing to produce the fiber: Over 527 pounds of 
peanut materials prepared at the Southern Laboratory have been 
shipped toa cooperating firm for fiber investigations, Fundament- 
al research on .peanut protein fiber to improve jit still further for 
industrial uses is being continued) 9° 


Paper Coating from Peanut Protein | 


The paper industry offers a good ovtlet for. peanut protein as 
a binder in coatings. ~ It has been found at the Southern Laboratory 
that a satisfactory paper coating can be made with peenut protein 
as an adhesive for a wide variety of pigments. Use of neutralized 
protein dispersions gives: a: light-colored coating having a wax-pick 
value equal to that obtained with other commercial proteins. 


Factors determining the quality of a protein paper coating 
have been investigated in three different types of peenut protein 
preparations, From.tests of more than 189 peanut protein coating 
formulas on over 2090 sheets of raw paper stock, it apneared that 
the wax-pick test was directly related to nunber of parts of pro- 
tein used per 100 parts of pigment; that decreasing the .percentage 
of thé total solids of the slips and holding the pH constant, in- 
creased wax-pick; and that: decreasing the percentage of. the total 
solids but decreasing the pH. of the slip maintained the wax pick 
constant. Coated papers have been prepared with a wax-pick test 
range of 3 to 13, the pH varying from 6 to 12:5; the percentage 
of solids of the slip varying from 15 to 45 percent; and the con— 
centration of protein varying from 5 to UN parts per 190 parts of 


pigment. 
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.. RESEARCH AND MARKETING ACT INVESTIGATIONS 


.Research has started at the Southern Laboratory on the five 
work projects approved under RMA authority. The progress made 
along the lines planned under each project is reported, with ob- 
jectives briefly indicated. . ; 


RMA PROJECT 21 Develop New and Improved Uses for Rice, Rice 
Bran, and Better Methods of Processing and Handling Prior ané . 
Subsequent to Processing 

(1) Investigations of the effect of rocessing factors on 
the composition and industriel utility of rice bran oil produced 
from southwestern rice. When freshly milled rice bran of good 
quality is extracted with commercial hexane an oil of relatively 
low free fatty acid content having a good color and as stable as 
other similar types of crude oils, is obtained. Some of the rice 
bran oils when treated in the laboratory according to usual prac- 
tice yielded products acceptable for use in the edible trade. 


RMA PROJECT 102 Fundamental Characteristics of Cotton Fiber as a 
Means of Developing Entirely New Uses : 

(1) Microscopical evaluation of the swelling of fibers as a 
basis for selecting cottons for new types of protective fabrics. 
The swelling of individual cotton fibers is being investigated by 
the method developed in this laboratory of comparing cross-—section- 
al areas wet and dry. The relative. fiber swellabilities of certain 
representative varieties of cotton will be determined by averaging 
several hundred individual measurements for each type. These 
Studies are expected to aid in selecting cottons for new. types of 
water-resistant fabrics, ee 

(2) Study of changes in the fiber upon oxidation. A task 
force will have to be assembled to conduct this investigation. A 
few members of the force are ready to enter upon work and others 
engaged are awaiting routine approval. The information obtained 
will guide the formulation of treatments to prevent deteriora- 
tion of cotton by oxidation, 

(3) Chemical bonding of cotton. fiber with resins to pro- 
duce new cotton materials. Arrangements have been completed for 
the Ioan of a Single mnd Fiber Bonding Laboratory Machine for use 
in the initial investigations. 

(4) Improvement of elastic recovery of cotton fiber by 
Chemical modification. A survey of the literature made and pre- 
liminary experiments have been carried out on the effect of a few 
chemicals'on the physical and chemical properties of the fiber. 

(5). Energy relations in performance of mechanical cotton 
goods. Preliminary work has dealt with the evaluation of a. 
sharp flex test procedure in relation to energy performance in 
mechanical goods. Under construction is a new machine of this 
type able ta test four samples at a time. 
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(6) Estimation of immaturity in cotton by means of dyeing. 
The differential dye test developed by the Southern Laboratory for 
distinguishing between immature (thin-walled) and mature (thick- 
walled) is being investigated from the fundamental viewpoint for 
the purpose of perfecting the test. In cooperative work with the 
Cotton Branch of Production & Marketing Administration, it is 
hoped to develop color standards to represent degrees of maturity. 


RMA PROJECT 103 Develop New and Improved Products from Cotton- 
seed and Other Cotton Products 

(1) Composition of Cottonseed as influenced by environment 
and variety. Samples of cottonseed from 8 varieties grown at LS): 
stations in the cotton producing areas have been received and. 
catalogued. Additional samples from four of the stations will ex- 
tend the list of varieties. Analysis of the samples is to be 
started in early 198, 


(2) Pilot-plant fractionation of cottonseed kernels into 
oil, meal, and pigment glands. Pre-pilot plant work has been 


carried out on the 3-way fractionation of kernels to obtain in- 
formation on behavior with this principle of processing and’ to 
produce materials for use in other research. The potential use— 
fulness of the new products justified investigation of the unit 
operations on a pilot-plant scale with the idea of developing a 
commercially feasible process. Engineering studies have been 
started on disintegration of flaked kernels in solvent slurries 
using equipment which detaches the pigment glands from the meal by 
fluid friction. Cooperative agreements have been completed with 
several commercial firms to test their equipment in various unit 
operations. 

(3) Utilization of pigment glands and derived products. In 
a@ cooperative investigation at Columbia University, rats given 
g0ssypol by stomach tube lost weight rapidly and finally died of 
starvation. Since no symptoms other than those of starvation were 
found death was attributed to the loss of appetite resulting from 
the delayed emptying of the stomach caused by gcssypol. Parallel 
Pharmaceutical investigations are underway on intact pigment 
glands and on isolated constituents. At the Southern Laboratory 
pigment giands are being fractionated and constituents character> 
ized with a view to determining chemical and pharmaceutical 
applications. : 

.. (4) Investigation of the nutritional value of cottonseed 
byproducts produced by new methods of fractionation. Prelimi-— 
nary expeviments by the Bureau of Animal Inductry have shown the 
excellence of deglanded cottonseed flowr as the sole source of: 
protein in feed for chicks and laying hens. Scme retardation of 
growth occurred which was presumably due to the physical condition 
of the flour. While further nutritional studies are being con—— 
ducted by various coopsrating laboratories, the-Southern Labora— 
tory has undertaken chemical examination of this flour to detect 
constituents which might affect nutritional value. 


At. 


(5) Pilot-plant processing of cottonseed oils and their 
derived products. The installation of equipment for refining, 
bleaching, deodorizing, fat-splitting, and related operations on 
cottonseed and other vegetable oils is nearing completion, 


RMA PROJECT 104 Development of New and Improved Products from 
Cotton Fiber Through Processing and Chemical Treatment 


Personnel and equipment are being acquired to carry out mechan- 
ical processing research in two lines of work: 
(1) The effect of twist on the efficiency of weaving and on 


the quality of woven fabrics. 
(2) The development of cotton fabrics and garments of good 


warmth qualities. 


In the field of chemical processing the three following inves- 
tigations have been started: 

(1) The development of improved plastic laminates with cotton 
as the filler. A task force has been organized for the purpose of 
determining as accurately as possible the effect of yarn and fabric 
construction upon finished laminates. 

(2) Improvement in the resistance of cotton bagging fabrics to 
penetration by insects and rodents. A test by the Bureau of Ento- 
mology and Plant Quarantine on cotton products treated by the 
Southern Laboratory showed that insects did not penetrate bagging 
containing as little as 0.25 percent DDT. Current investigations 
are directed toward improving the application of DDT and the dis- 
covery of other effective repellents, . 

(3) Development of swelling-type water-resistant fabrics, 
Exploratory experiments have indicated that thin-walled fibers are 
more effective than thick-walled fibers for this type of fabric. 
Current investigations are directed toward determining the Signi- 
ficance of differences in fiber size, Svar ar wall thickness, and 
swelling capacity. 


RMA PROJECT 124 Quality Improvement of Peanut Products and New 
Uses for Peanut Oil 

(1) Development of improved peanut butter. On order is 
peanut butter manufacturing equipment with which to conduct re- 
search on factors affecting the quality of peanut butter. 

(2) New uses for peanut oil. Pilot-plant facilities in- 
stalled for oil processing research under RMA will be used on 
peanut oil as well as on cottonseed, and rice bran oils. It is 
planned to develop low-temperature crystallization techniques for 
fractionation of these oils. 
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ALFALFA: UTILIZATION INVESTIGATIONS 


' - DEHYDRATION 


Alfalfa Dehydration, History of the Industry 
eae mE Ee ree ee a me nes Ce eS 


To determine the economic position of dehydrated alfalfa meal, 
a study is under way covering the geographical location of the 
industry, the development-of grades and standards for the product, 
and a statistical record of prices and'production. Production has 
grown to an annual output of over a half million tons with increas- 
ingly better prices for high quality dehydrated meal. Over 200 
commercial plants have been identified. Their locations indicate 
a tendency toward concentration in the middle Mississippi Valley, 
particularly the portion in southern Missouri and eastern Arkansas; 
the Great Plains area, embracing central and eastern portions of 
Nebrasks, Kansas, and the central portion: of Oklahoma; the Central 
Valley of California; the Imperial Valley of California; the 
Roswell (New Mexico) region; and southeastern Colorado. 


Production Economics of Dehydrated Alfalfa’ 


From data available. in the literature. and from equipment 
manufacturers, a cost estimate, for producing dehydrated alfalfa 
meal was made for a typical plant. It was assumed that the plant 
would operate at a rate of one tome of dry meal per hour and pro- 
duce 2400 tons of meal per year with an operating season of about 
five months, The plant investment was estimated to be about 
¥60,000, and the production cost (exclusive of raw material but 
including harvesting from the field and bagging) was estimated to 
be approximately $26.50 per ton of meal. 5 as ns 


Since dehydrated alfalfa meal is finding increasing acceptance 
and high-grade meal commands a price differential which takes 
account of its ‘quality,. increased emphasis on studies directed 
toward quality improvement appears to be justified. 


The Isomers of Carotene 
i TCE a on ae ae 


In the development. of a-rapid, accurate method for routine 
analysis of carotene in alfalfa extracts, it has been necessary 
to prepare pure crystalline stereoisomers for :standards.. All- 
trans -beta-carotene, 4ll-trane-alpha-carotene, neo=beta-carotene De 
and neo-beta-carotene B were isolated and purified by chromato- 
graphic and crystallization techniques. The absorption. spectrum 
of each was determined in iso-octane and commercial hexane in the 
range of 320 to 500 millimicrons. 


The specific absorption values obtained are considered suit- 
able as a basis of analysis for individual isomers. This step is 
important since biological activity and nutritional values of the 
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isomers are reported to differ markedly. The use of the technique 
developed for the separation of isomers and the application of 
the constants determined for these isomers makes possible more 
accurate evaluation of deteriorative changes in alfalfa. 


Fractions from Alfalfa for Poultry Feed Tests 


Preliminary results have been obtained on a fresh-alfalfa 
fraction which was used in poultry feeding experiments in the 
Poultry Division of the University of California at Berkeley. 
The fraction tested was prepared by disintegrating alfalfa, ex- 
pressing the juice, removing the heat-coagulated protein by 
filtration, and evaporating the juice to dryness in a vacuum. 
This fraction, containing 21 percent protein (N x 6.25) and no 
fiber, was fed without retarding growth at a feed level equivalent 
to a ration containing 50 percent of alfalfa meal. In general, 
alfalfa meal retards chicken growth when fed.at levels greater 
than 10 percent of the diet by weight. These results suggest a 
method for increased use of alfalfa in poultry rations... — 


Lipids and Phospholipids as 
By saponifying the acetone-soluble portion of alfalfa lipids 
and determining the glycerol content of the saponifizate, it has 
been possible to arrive at an estimate of the probable distribu- 
tion of the fatty acids present among the three classes of compounds : 
triglycerides, phospholipids, and wax esters. 5 = 


Subsequently, an attempt was made to obtain a similar fatty- 
acid distribution for an acetone-insoluble fraction of the alfalfa 
lipids; but in this case, carbohydrates were found present in.so 
great a degree that the glycerol analysis was completely out of line 
and it was impossible to work out even an approximation of the | 
relative amounts of fatty derivatives. Means were considered for 
Separating the glycerol by distillation prior to analysis but this 
step would require an elaborate procedure involving introduction 
of new sources of error. | 


During the course of the investigation on alfalfa lipids, 
various measures were tried for eliminating the large amounts of 
pigments from the different fractions. No success was obtained 
with any of a number of representative selective absorbents, and. 
attention was subsequently turned to a study of solvents in the 
hope of finding one, or possibly a combination, that would yield 
a reasonably sharp separation, particularly of the chlorophyll. 

It was found that if crude alfalfa lipid extracts were treated with 
acetonitrile and the resulting solution in turn extracted with 
petroleum ether, oa high content of carotene, and practically-no 
chlorophyll, was obtained in the latter solvent. The solution was 
a clear yellowish orange and had a carotene content of 5,0 percent 
based on the weight of total solids. as 


It was found possible to achieve quantitative extraction of. 
carotene from fresh alfalfa by maceration with cold acetonitrile. 


ae 


Moreover, the carotene would ‘be quantitatively transferred from the Uy 
nitrile to petroleum ether ‘by simply washing the former with the ; 
latter. Finally, the relatively ‘small amount of green pigment dis- 
solved in the petroleum ether could be removed by washing it with’ e 
several portions of fresh nitrile. Similar treatments applied to you 
dehydrated alfalfa led to similar results. te 


FRUIT UTILIZATION INVESTIGATIONS 


FREEZING PRESERVATION me 

Prefreezing Treatment of apricots, Peaches, Apples - | ; 
With apricots and peaches, excellent color was obtained with 4 
either of the following prefreezing dipping baths: 2 percent | 
sodium chloride plus 1 percent ascorbic acid or 1 percent sodium r; 


chloride, 0.5 percent ascorbic acid, and 500-1000 ppm. of sulfur 
dioxide (added as sodium bisulfite). The pH of the latter solution 
was adjusted to 3 with citric acid, Analyses of baked fruit revealed aa 
10-20 mg. of ascorbic acid per 100 grams of fruit and a sulfur di- ea 
oxide concentration of less than 20 ppm. The small amount of salt 
appears to have a synergistic effect when used with ascorbic acid, ee 
and the smali amount of sulfur dioxide increases the effect. These 
findings may be of considerable practical importance to commercial 
producers, | } . 


In studies with apples, slices of the Delicious variety were 
filled with solutions of various calcium salts, including 0.1 to 
1,0 percent of calcium chloride. The slices were filled by immer- a 
sion in the solutions, application of 29 inches of vacuum, and 4 
release of the vacuum. On being heated, as in baking in pies, 
they exhibited increased firming, but an apparent objection was’ % 
their considerable absorption of water. © m 


Filling the slices by vacuum with & concentrated (60 percent) 
Sucrose solution, however, produced a crisp, firm texture, frec 
from objectionable flavors and excess water. Reducing the sucrose 


to 50 percent or 40 percent did not affect the texture Significantly, be 
Dipping in a solution of sodium bisulfite (1000-2000 ppm. SOo) Be 
adjusted to pH 3 with citric acid for 10 seconds prior to the fe 
Sirup-vacuum procedure prevented discoloration fof 8 hours after * 
defrosting. : NEW a at 

a 


About 15 percent of the Delicious apple crop is grade C and 
would be suitable in large part for use in pies, The processing 
technique including absorption of sugar sirup, possibly with added 
citric acid and ascorbic acid may prove advantageous. . ; 
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Susceptibility of Peach Varieties to Browning — 
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A total of 51 varieties of peaches and nectarines obtained «a 
from the California agricultural Experiment Station at Winters,’ 
California, have been analyzed for their browning characteristics, 


ubsequer ly appraise fei ; flavor’ ata) tpeeeen 
“obtained were essentially the. same as those reported 
aga ey 1946 season. The extent of browning which occurred in 
a most varieties was directly correlated with the total tannin 
jae 


The total tannin, expressed as milligram percent tannic acid, 
was determined on an unoxidized frozen sample of each variety. 
Corresponding frozen peach samples of each. variety were peeled, 
sliced, and exposed to the air in flat pans at approximee hs 200 Ce 
and observed at intervals over a period of 24 hours. None of the 
slices of the four varieties with lowest tannin content in the 
range of 32 to 38 milligram percent showed any browning at the 
end of 24 hours. Three of these four varieites were of the same 
cross; Sunbeam x Rio Oso Gem. Samples of the six varieties with 
tannin content ranging from 40 to 54 milligram percent were very 
‘slightly brown at the end of 24 hours, with traces of discolora- 
tion appearing within 4 to 5 hours. ° These results suggest that a 
concentration of 39. milligram percent is critical with respect to 
the appearance of brown discoloration. Peaches containing less 
than this amount showed no significant browning while peaches con- 
taining more were susceptible to browning with the developed color 
intensity roughly proportional to the original tannin content. 
Analyses of more varieties will be made to determine the validity 
of the stated critical value. 


A number of varieties of peaches, some similar to those 
listed above, have been harvested and frozen at the Irrigation 
Branch Experiment Station; ° Prosser, Washington. The samples have 
been brought to the Western Regional Research Laboratory for these 
Beer cipations,, 
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Bacteriology of ¢ Orange Juice . 


‘The coliform index in. orange juice from nine orange juice 
oe in Southern California showed great variation in samples 
from different plants, from 0 to 1100 per 100 cc. of juice. The 
highest count was found in a plant considered to have very high 
sanitation standards. An observation was made that le of 14 
samples of juice that had an excess of peel oil, owing to faulty 

reaming, contained no coliforms. This suggests the possibility 
that the peel oil. contains. some germicidal principle. In tracing 
the source of coliform infection, it is important to differentiate 
the "fecal" from the "non-fecal" coliforms, Since no: satisfac- 
tory rapid method of differentiation exists for coliforms in 
orange juice, experiments were carried out to test the applica- 
bility of two rapid methods, the Koser's citrate and the Eijkman's 
tests that are currently used for shellfish and shellfish waters. 
_ The results were compared with the standard IMViC tests and have 
_ shown that in 90 coliform cultures the incidence of false differ- 
-entiations was 6 percent with the Koser test and 19 percent with , 
he Eijkman test. Though neithor test proved entirely satisfactory, 
e Koser test appears to be the better of the two, and further 
- should be done to determine whether it can be adapted for * 
ng of orange juice. 


HY 
High Frequency Heating at 30'Mogacycles 
PS ee Peete rit TT . 


The. specific conductivities of a number of fruits and vege- 
tables were measured at room temperature (26° C.) at various ~ 
frequencies between 10' and 4x10 cycles per second. The specific 
conductivities of fruits at 30 megacycles sre about a thousand- 
fold greater than those of other biological materials commonly 
heated: by the dielectric heating method (for example, wood). 
These conductivities are so large tht it is difficult, if not. 
‘impossible, to obtain reasonable heating rates at permissible . 
radio frequency voltages, Large heating rates can bé obtAined at 
30 megacycles only by the use of rf voltages so large as to -cause 
arcing between adjacent fruit’ pieces, ? bei 


- Corrosion of Stainless Steel Equipment 
oe Se SQuipmoent 


Corrosion resistance of stainless steel processing equipment 
can be determined with certainty only im use, since corrosion has 
been found under conditions not ordinarily considered corrosive. 
“The evidence obtained indicates that types 304 and 316 stainless 
Steels’ are subject to differential aeration corrosion in the: 
Presence of a moist sulphur dioxide-air atmosphere. If? organic 
material is being processed, thorough cleaning of the entire - 
System between runs and’at the:end of each period of opération is 
imperative. The System should be drained and dry when not. in use. 


“"* DEHYDRAT ION. | 
Distribution Costs for Dehydrofrozen Apples 
Do en arate re 


In order to compare the economic position of dehydrofrozen 
apples with that of apples frozen in the usual way, estimates were 
mace of the various costs incurred in getting. the product to the 
Consumer. The consumer, in this study, was assumedto be the 
institutional trade purchasing at the wholesale level, The costs 
considered were raw material, processing, storage,’ transportation, 
distribution, and brokerage. This channel is common in the market- 
ing of frozen foods. The cost of processing dehydrofrozen apples 
' was estimated at $0.0532 per pound as compared with $0.0402 for 
| the .frozen équivalent (2 pounds), Offsetting this cost disadvan- 
tage were factors favorable to dehydrofrozen apples such-as 
packaging, freezing, Storage, and transportation, After evalua- 
tion of. these steps, it is. estimated that, dehydrofrozen apples 
could reach the institutional buyer at a saving of approximately 
20 percent as compared with frozen apples. ye 


Boiling on Heated Surfaces 
Ma ee as Vann ae ee ee 


a technique has been developed which will permit.the deter- 
mination of temperaturé to within O.01° C. in’ the study of boiling 
from heated surfaces ‘in the temperature range of 0° to 140° ¢, 
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While the large Spray drier has. beén inactive awaiting altera- 
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tions, drying tests have been made with the plasma spray drier on 
feeds composed of varying amounts of Boysenberry pulp, milk solids, 
and pectin. These tests indicate that a satisfactory powder 
(judged on the basis of the "sticky point" moisture content rela- 
tionships) cannot be obtained when the ratio of milk solids to 
Boysenberry pulp solids is appreciably less than 1:1, With the 
powder resulting from a feed composed of 50 percent milk solids 

~ and 50 percent Boysenberry pulp solids, a typical ice cream was 
prepared and compared with an ice cream of identical composition 
prepared from some of the original Boysenberry pulp before drying. 
With the triangle plan and a taste panel of about 15, the results 
indicate that no significant deterioration in flavor ‘had occurred 
during the drying step. 


Pilot Plant Study 


The pectin pilot plant equipment, formerly located at Chino, 
California has been moved to the Western Regional Research Labora- 
tory under an informal memorandum of understanding with Libby, 
McNeill and Libby. The countercurrent extractor and the vacuum 
evaporative cooler have been altered at'a fabricating plant in 
Los Angeles and shipped to the Laboratory. Installation of the 
equipment has been completed in the new location. Operations on 
washed, dried orange peel are expected to get under way during the 
spring months. 7 | 
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The accuracy of the optical rotation method for pectin is 
limited and should be determined from each source until the uni- 
formity of its structure is established. an approximate value for 

-eitrus is 235° and for apples is’ 230°. 


Nature and Occurrence of Pectic Substances 
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Isolation and characterization of pectin in fruits and vege- 
tables is necessary to provide information for the maximum utiliza- 
tion of the optical rotation method of analysis, in order to 
evaluate such materials as sources of pectin, and also for informa- 
tion useful in the processing field. The plan of such a program 
is as follows: pectin is extracted by means of slightly acid 
solutions containing a calcium-sequestering agent; it is isolated 
_ and purified under conditions leading to a maximum retention of 
jelly strength and then it is characterized according to methoxyl 
and uronic acid content, intrinsic viscosity, osmotic pressure, 
jelly grade, and specific rotation. Pectins have been obtained 
from apricots, apples, pea pods, peaches, pears, carrots, potatoes, 
tomatoes’, and’ sugar beets ‘and their characterization is ,in progress. 


Potential Uses of Pectiic Substances 

Pectinate Films: Pectinate films are readily applied to a 
variety of materials to produce a transparent, glossy, nonsticky 
and protective covering. Methods of drying the film and rendering 
it resistant to certain microorganisms are being investigated. It 
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has been found that an.air patie di eee’ oven will dry pectinate 
films: on candied fruit. in eight minutes: at 80° C, This appears 

to be an optimal value for the appa aratus. uscd. . The optimal 
moisture content of the films. on candied fruit is. about 35 percent. 
Attempts to improve. the resistance to fungal attack by use of 
propylene oxide, Palstons, and other agents are being investigated. 


The film containing seed disinfectants has. been applied to 
hybrid corn seed in an. effort to increase the percentage germina- 
tion of seed corn when exposed ‘to adverse conditions. The experi- 
ment is Spal in progress although it. may be noted that the film 
can be applied provided small percentages of glycerol and a wetting — 
agent are employed in the pectinate solution. 


A possible use for pectinate films is on frozen food where. 
the water content of the film would be kept as high as possible. 
Rate of' diffusion of gases through'a gel film will be controlled 
primarily by the rate of solution in water while dehydration of the 
product wili be slight until most of the water has been removed 
from the pectinate gel. Some’ experiments were tried with round, 
steak as the test meat. When a low-viscosity pectinate is used 
ina 5.5 solution, the resulting gel loses water at such a rate 
that the coating would be dry in two months. It is possible to 
apply a’ thicker: gél by increasing the concentration or using a 
higher viscosity pectinate or by adding a small amount of calcium 
ion to the pectinate solution in order to increase its viscosity. 
Another method is to add egents which will decrease the rate of. 
evaporation of water from the surface of the gel. This latter 
procedure is now being investigated because of its importance not 
only to the:: pe but also the film study. 


Other uses of Be Sint films depend upon its permeability to. 
water vapor and to oxygen and carbon dioxide. Preliminary results 
obtained with a relative humidity difference of 50 percent (80 per- 
ase on one side of the film and 30 percent on the other side) and 

a film area: of 20 cm® show a permeability of between 30 and 40 mg. 
of water per:sqs cm. per mm. difference in partial pressure of 
water vapor per hour for a thickness of one micron. Untreated © 
cellophane :has a*permeability of about 20 in the same units. 
Further examination of the factors itr ete the permeability 
constant is uncer a 


Pectinate. Gels: rngeh tent Boe gels prepared with low-methoxyl © 
pectin. Show ° nromise in’the dessert “and salad field,-but further®- 
information:on their storage churacteristics is necessary. A © 
comparative:study of gels prepared with samples of low-methoxyl 
pectin from this Laboratory and from two commercial concerns has 
been.started, The gels‘are stored at .1°,-25°, and 35° C. Shear 
modulus ond-syneresis of the gels have been measured, During 
the first two weeks an increase in shear modulus was observed _ 
but there has been no further change in three months. Syneresis 
is negligible in'all samples. There has been no change in the 
intrinsic viscosity of the isolated pectin. The storage test is 
to be continued for nine more Se . 
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Fibers: ‘Fibers.of calcium. salts of enzymatically prepared 
low-methoxyl pectins have been spun and. tested for strength and 
elongation. Tenacities of 2 to 3 @» per denier have been a ttained 
with extensibilities of 4.6+9 percent. The best yarn had a 
tenacity of 2.9 ge/d. and extensibility of 8.8 percent. These 
values approach those for cotta, which means that they show 
Promise of being woven imcotton textile machinery as scaffolding 
fibers. had 


ASCORBIC ACID FROM WALNUT HULLS 


dies in 1947, about 3,200 gallons of 
extractewere shipped to the*Labora tory for ‘concentration and 
storage for further recovery studies. The extract was clarified 
in a centrifugal and concentrated 12.4-fold under vacuum. The 
raw extract had an average concentratio of 1,680. ppm. of 
ascorbic acid; the concentrate had an averagecascorbic acid con- 
‘tent of 20,600 ppm. The concentration step was accomplished 

. without apprecia ble loss of vitamin (. | 


During extraction stu 


fhe ‘capital charges on the investment in plant and equip- 
ment for the extraction of walnut hulls hdve been estimated to 
be approximately $3.00 per pound of ascorbic acid. The basis for 
estimates on costs of production have been information supplied 
by the California Welnut Growers Associatimon size and locatim 
of hullers and also the experimental extraction Operations, 
formerly’ at Linden 5 md during the 1947 seasm at Gustine, Cali- 
fornia.” tn cooperati a with the'Associction. 


Operating costs and the cost of preparing the pure ascorbic 
acid from the extract liquor would, however, bring the overall 
cost considerably higher than the 33.00 per pound for capital 
charges. On the other hend, some decrease inthis cost might be 
expected if satisfactory methods for’ storing the hulls-were 
developed so that the processing season could be ‘extended. In 
view of the high capital charges: against the product, as made by 
the most economical embodiment of the process in fall-scale plant 
operation that can now be visualized, commercial application of 
the process a Ppe ars to be a questionable venture in competition 
with synthetid ascorbic acid, pe ae 


PROTEIN=- AND VITAMIN-RICH FOOD OR FERD. SUPPLEMENT 
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Torula Yeast Investigatims 
ne a 


The ‘yeast pilot plant at-+the Olympia Canning Company was not 
operated this season,» Emphasis has been shifted to the pear- 
juice separation and fermentér acratiom- aspects of the problem, 
With the laboratory pressing data as ‘a'guide, a juice separating 
element was constructed -and combined with portions of a Milton- 
Roy pump and auxiliary valving ‘to form a juice separnting machine. 
The unit was tested at’ the ‘canning plent during the pear season 
but "gave inconclusive results due to mechanical difficulties. 

The work is being continued at the western Regional Research 
Laboratory. 
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The laboratory studies on the pressing of milled pear waste 
have been extended to cover a temperature range of 60 to 180° F. 
The juice is much more easily separated at elevated temperatures. 
For a given juice recovery, the pressure and/or draining time 
required decreases rapidly as the temperature is increased, other 
factors remaining constant. If pear waste is preheated before 
pressing, the design and size of juice separating eauipment for 
a given capacity will be substantially different from that 
required if the waste is pressed cold, 


CITRUS 


Ethylene Control Experiments for Citrus 


Field tests indicate that the portable instrument developed 
for the estimation of ethylene in the atmospherés of citrus color- 
ing sheds will prebably be useful in determining ethylene in air 
at concentrations down te a few parts per million, Current practice 
in coloring involves a concentration of about 10 ppm. or more. 

Field tests with navel oranges undergoing normal coloring treatment 
indicate that there is no interference due to volatile substances 
arising from the fruit. 


ISOLATION; ANALYSIS, AND CHARACTERIZATION OF CONSTITUENTS 


Further work is being done on the sucrose-water. system at 
low temperatures, An investigation of phase equilibria in solu- 
tions of sucrose at low temperatures has revealed the existance 
of at least four crystalline hydrates of sucrose, The cauliflower- 
like appearance of one of. these is responsible for the unsightly 
"mold-like" growths sometimes found.in frozen fruit packed in 
sucrose sirup. The failure ‘to obtain cutectic mixtures of ice 
and anhydrous sucrose indicates that formation of this eutectic 
is probably not a factor of practical importance in frozen food 
preservation. Work is continuing on low temperature phase 
equilibria in solutions of sucrose and other sugars. 


DEHYDRATED EGG STUDIES 
Lipid Deterioration 


Additional information relative to the mechanism of deter- 
loration of dried egg powders has beén obtained. Previous results 
on the inhibitory effect of phospholipids on development of 
rancidity in egg fat have been confirmed with more highly purified 
phospholipid fractions. It appears that aldehydes are formed from 
the non-phospholipid fraction of the egg fat-even in the presence 
of phospholipids. The aldehydes, however, combine with the 
reactive groups of the phospholipids to form:-fluorescing © sub- 
stances, and the egg fat does not become rancid as judged by 
the usual rancidi'y criteria, The mode of action of the phos- 
pholipids as "antioxidants" for lipids therefore seems to be other 
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than merely as preferential oxygen acceptors. Experiments to 
further elucidate this question are in progress. 


Preliminary experiments indicate the feasibility of obtain- 
ing typical egg components labeled with iostopic tracer atoms 
by feeding labeled simple glycerides or ther carbon compounds to 
the hens, Studies with labeled erg components should result in 
‘more complete identification of the interaction of the egg com- 
ponents responsible for deterioration, | 


The results of a comprehensive study have shown that egg 
enzymes are not important in the changes that are responsible 
for quality loss in processed eggs. It would appear therefore, 
that efforts to control the deteriorative reactions in dried _ 
- eggs should concern nonenzymic factors. 


FREEZING ee Op 
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Eviscerated _ Turkeys 


As a result of feed shortages it has appeared desirable to 
increase the amount of alfalfa meal in the diets of turkeys, The 
question was raised whether turkeys fed a high alfalfa-meal 
diet would hold up well in frozen storage, This report concerns 
the experimental storage of turkeys fed diets containing 15, 20, 
25, 30, 35, 40, and 50 percent alfalfa meal. The turkeys were 
fed and killed at the Utah State Agricultural Experiment Station, 
Logan, Utah, They were New York dressed, frozen, transported 
to this Laboratory, thawed, eviscerated, packaged in heavy waxed 
paper, refrozen,.and stored at -10° F. After 10 months in storage 
the following determinations were made on two birds from each 
of the six alfalfa feeding levels: palatability, shear force, 
cooking lass, peroxide value, Kreis test value, and carotene 
content. In no case was there a significant trend in the factors 
measured, Hence, the frozen storage stability of turkeys was 
not altered significantly by increasing the alfalfa meal in the 
diet from.15 to 50 percent, This conclusion should be tempered 
by the observations that pronounced gall bladder discoloration 
occurred in ten of the twelve birds used in the experiment and 
that an undesirable odor was associated with the uncooked birds. 
These conditions were sufficiently pronounced that small differ- 
ences in the flavor of the meat due to the alfalfa feed could 
have been masked. 


aude PLASTICS, AND ADHESIVES FROM EGG AND FEATHER (KERATIN) 
PROTEINS 


Solubilization of Keratin Proteins 


Procedures for solubilizing feathers with. the ethyl ether 
of ethylene glycol in place of methyl and ethyl alcohols have 
been worked out. The former offers distinct advantages over the 
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lower alcohols: first, it forms an: azeotrope with water which 

is directly suitable. for~solubilization: of the: keratin; second, 
it is nontoxic, as compared with methyl alcohol; third, it is 

not subject to restrictions in use as is the case with ethyl 
alcohol; and fourth, it has a higher boiling point, permitting 

a higher temperature for the processing of the keratin and. thus 
reducing the time required for solubilization from 2-1/4-hours 

to less than 1/2 hour, The fibers spun from the keratin prepared 
with the ethyl ether of ethylene glycol appear to.have as desira-~ 
ble qualities as those prepared from the lower alcohols.e 


The serine content of feather keratin is high, suggesting | 
that feathers constitute a possible source of this amino ‘acid. 
The feather keratin prepared by the process described is: diges- 
tible by proteplytic enzymes. . A new design for:a screw feed 
for the extrustion of the keratin as bristles has been developed, 
Comprehensive theoretical studies have been carried out on the 
inerections of keratin and alcohols, 
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ISOLATION, aNALYSIS, AND CHARACTERIZATION OF CONSTITUENTS 


izypsin Inhibitor from Egg White 


In confirmation of recent reports, the trypsin inhibitor. .. 
of egg white would not appear to be potentially useful as_.an 
antibiotic. The results on ‘he preparation of derivatives of 
ovomucoid and trypsin and on the interaction of ovomucoid and. 
trypsin are of significance chiefly because they provide informa- 
tion regarding the. fundamental mechanism of specific interac- 
tion of large molecules. . Such inter-actions are encountered 
not only in enzyme chemistry but also in the field of toxin and 
antitoxin reactions, and in the field of antigen. antibody 
reactions in general. 


X-ray Diffraction Investigation of Lysozyme Chloride: he 


Two crystalline modifications of lysozyme chloride have. 
been grown. A tetragonal form grows at pH 4.5 and an ortho-. 
rhombic form grows at pH's in the neighborhood of 10, Complete 
oscillation photographs have been taken of both air-dried and 
wet tetragonal crystals and of wet orthorhombic crystals. The 
X-ray data from the air-dried. crystals, combined with the. density 
as determined in ethylene bromide and xylene mixtures, has been 
usec to calculate the molecular weight of lysozyme. The value 
found is 13,900. 500. 


VEGETABLE UTILIZATION INVESTIGATIONS 


DEHYDRATION 


theory of Drying 
Sty of te datiage ta quality which!’ ctturs aubing dew” 
nydration have been handicapped by our inability to get inside 
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a piece while it is dryig to see what the conditio ns are there 
at any moment. Moisture analyses take a general average of 
conditions throughout the piece. In the absence of any good 
experimental method of "getting inside", use has been made in 

a preliminary way of the theory of diffusion. The results 

are promising enough to warrant further work along this line. 
The mathematical work is extremely laborious and skoav, hows 
ever. It is hoped that the rapid electronic computer now’ 
being built in California can be used in an extension of this 
study. ; , 


Moisture Determination 
ES 


A new and a ccurate method has been developed for moisture 
determina tion of dehydrated veretables. The method consists of 
allowing the sample to absorb a large quantity of water to swell 
the tissues, followed by freezing to -70°, drying from the 
frozen state, and.completion of the-drying in a vacuum oven or 
over a desiccant. This method will be useful as a reference 
method for the calibration of other mo re rapid but empirical 
procedures used in industrial laboratories. It will probably 
also find a pplication in moisture determinations of other food 
products. 


Storage Studies 
SRA GELS. Ad alelceaiatien 


Generalizations regarding the effects of temperature, 
moisture content, and atmospkere of ackage, upon the rate of 
sulfite disappearance’ in dehydrated carrot, white potato, and 
cabbage have been a dduced from the data of the comprehensive 
storage studies. Cn the basis of these results, it is feasible 
to estimate the life expectancy of the sulfite in other samples 
of dehydrated vegetables, Such predictions are of importance to 
the vegetable dehydration industry, not only becausethe in- 

-hibitory effect of sulfite upon browning of dehydrated vegetables 
decl ines with disappearance of the sulfite, but also because of 
the unpalatability of dehydrated vegetables in which too much 
sulfite* is retainedé. 


Brownirg Reactim 
LS 


The very high tempersture coefficient of the browning 
reaction emphasizes the need of storing dehydrated foods at as 
low a temperature as possible to avoid undesirable discoloration. 
Other observetions a re of importence.in throwing light on the 
mechanism of the browning reaction. This project is being 
disco ntinued. | , 


FREEZING PRESERVATION | 


Frozen and Dehydrofrozen Peas 
SN i ee nies 


The results adduced relative to processing and storage in- 
vestigations on peas,. frozen and dehydrofrozen, emphisize the need 
of improvements in the technology of manufacture. Moreover, they 
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indicate that a major source of the objectionable off-flavors, 
frequently found in samples of ‘commercial frozen peas, lies 

in excessive time-delay between harvest and blanch, . The results 
indicate that (1) solution of this problem lies in (a) rapid 
flow of raw material or (b) change in method of harvest so 

that any appreciable time-delay is applied to refrigerated 
"peas~in-pod", (2) refrigeration of the shelled pea is a 
palliative and not a solution to the problem. 


The indicated lower “air storage" stability of dehydro- 
frozen peas, compared to conventionally frozen, emphasize the 
need for further work for the purpose of verification and 
elucidation of the factors responsible for the difference. 
The high degree of organoleptic quality retained by dehydro- 
frozen peas, stored one year at ~10° F., encourages continued 
work on the development of this new method of preservation, 


Effect of Freezing Rate on Quality of Frozen Asparagus 


The texture and flavor of frozen asparagus appears to be 
dependent on the rate of freezing, the more rapid rates giving 
the higher quality. Very rapid freezing, however, may result 
in shattering of the pieces, 


Freezing Preservation of Sliced Potatoes 


Small quantities of sliced potatoes of two varieties, 
Florida Triumph and Klamath Russet, have been prepared and frozen 
to be subsequently used for deep fat frying. The potatoes were 
classified on the basis’ of brine separation. Those of the 
Florida Triumph variety that sank in an 8 percent brine and 
Klamath Russet sinkers in an 11 percent brine were used for 
freezing. . A portion of cach lot was sliced to 3/16 inch thick- 
ness anc the remainder cut into Julienne strips. It was found 
that a 40-second steam scald and a 30-second water scald at 
approximately 212° F. were sufficient to give a negative peroxi- 
dase test with the Julienne strips anc 50 seconds in the water 
and one minute in steam were sufficient for the slices, The © 
slices and Julie’ne strips, frozen and stored at -10° F., are 
being fried in deep fat and appraised. 


Botulinum Toxin Tests 


Examination of the experimental frozen packs of peas, green 
lima beans, anc asparagus, partly inoculated with spores of 
Clostridium botulinum, has continued, The results are in line 
with those previously noted; the vegetables, even when inoculated, 
Co not become toxic when helc at room temperature for two days. 
Only when special bacteriological technique is employed can 
toxic cultures be obtained. With the exception of four cultures 
from commercially packed spinach and two cultures from lima 
beans, Cl, botulinum has not been isolated from uninoculated 
material. About 600 samples have now been examined, 400 for 
toxin after two days standing at 75° F., and 200 for the. 
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presence of botulinum spores. There is no evidence that the 
hermetic container would introduce an element of danger from the 
public health viewpoint when used for frozen vegetables. In 

only a few instances could inoculated asparagus be made to yield 
a toxic culture, It was thought that its content of rutin might 
be responsible, Rutin was not found responsible, but it was found 
that quercetin in amounts of 100-160 ppm. inhibited growth of 

Cl. botulinum. In repeatec_trials, with these concentrations, 
cultures remained clear anc did not become toxic. Quercitrin, 

on the other hand, had only a feeble effect. 


Low Temperature Hygrometry 


A new type of dew-point apparatus suitable for use at 
subfreezing temperatures hes been invented and a patent appli- 
cation is being prepared. In the conventional apparatus a mirror 
is cooled and the temperature at which a fog just begins to form 
upon its surface is taken as the dew-point. At the temperatures 
used in freezing preservation the mass of water per unit volume 
of air is so small that the mirror must be held below the dew- 
point for an appreciable time before a detectable fog (frost) 
forms, This introduces 2 lag which makes it cifficult to de- 
termine the dew-point precisely. In the apparatus under develop- 
ment a static, linear temperature gradient is established along 
a polished red, ds air is passed across the surface,moisture 
‘ condenses on the portion which is below the dewpoint and a sharp 
boundary is formed which can be located with precision. The 
temperature at the boundary is obtained by interpolation between 
two points on the rod where the temperatures are measured by 
means of imbedded resistance thermometer elements. 


A calorimeter for determining the- amount of heat removed 
from sample packages during freezing has been developed. By 
maintaining the bath temperature constant at approximately room 
temperature it was possible to virtually eliminate heat losses 
through the calorimeter, The usual practice of computing the 
water equivalent of the calorimeter is also eliminated by pre- 
heating the calorimeter before introducing the samplés, Calori- 
metric determinations on one-peund samples of ice in an experi- 
mental mocel were accurate to within 1 percent, 


Utilities Usage in Frozen Food Plants 

Data gatherec in cooperation with the Bonneville Power 
Acministration were analyzed and ratios of electric consumption 
per unit of product for.existing plants were determined by examin- 
ing the range, median, and averare obtained from the array of 
"interview and check lists," one of these having been prepared in 
the field for each plant visited. These ratios were then increased 
(based on estimates, prepared by the Laboratory staff) to form 
a basis for forecasting future electrical utilization, The 
Bonneville Power Administration will use the ratios in preparing 
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its estimate of power requirements for the Army Enganeers! Columbia 
Basin Review Report. A copy of the report and duplicates of the 
check lists have been retained by the Laboratory, In addition ‘to 
the electrical data these check lists contain actual figures on 
other plant operating costs, such as labor, steam; other fuels and 
inplant generation of electricity, qe oe 


Cooperative Freezer Tests 


Field tests were conducted by members of the Laboratory staff 
at tne Security Warehouse and Cold Storage Company, San Jose, . 
California for the purpose of securing engineering and operating - 
data for commercial air-blast freezers. The temperature measure~ 
ments showed that the time required for 12-ounce packages to 
attain a center temperature of O° F,. varied from 4-1/2 to 8-3/4 
hours at different locations within the freezer. During the 
test period, the air entered the freezer at an average tempera- 
ture of -8° F, | . ae 


Uneven air distribution was responsible in part for the wide 
range of freezing rates. Observed air velocities over the test 
packages ranged from about 10 ft. to 580 ft./ min. in general, 
air velocities were much higher near the floor of the freezing 
section than near the ceiling, and excessive by-passing of air 
occurred in the spaces above, below. and between the freezer frames. 
Air.velocities ranging up to 1,200 ft./min. were observed be~ 
tween the bottom of the freezer frames and the floor, 


Measurement of Air Velocity in Air-Blast Freezers 


Experimental work has continued on heated thermocouple 
anemometers. By means of changes in length of heated junction, 
€@ common calibration curve was established for fifteen of the an- 
emometers at room temperature. The same anemometers were re- 
calibrated at -10° F., using the same orifice meter. Theoreti- 
cally, the data at -10° F., should represent one of a family of 
temperature curves on a log-log chart. The results, however, 
were represented by three curves, one for each of the three 
orifices used, It is apparent that accuracy of the orifice 
meter Was exceeded, by that of the anemometers at the lower 
temperatures. To continue the calibration work, a more precise 
orifice meter and test section have been designed and built. 


Le A a Re a ee 


Studies of reflectance color of vegetables are ‘being made 
in an;attempt.to correlate objectively measurable color factors 
with subjective preference. Samples have been graded for prefer- 
ence by a selected panel and simultaneous measurements of color 
made .on, the General Electric Recording ‘spectrophotometer and’ 
the Hunter Reflectometer.. Well established objective methods of 


color measurement. will be used in food appraisal studies. 
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_ SUBTILIN 


Marked progress 6 s been made in the various phases of work 
on this antibiotic. 


Producticn 


Studies of the eur tioned factors that eo the formavion 
results to its ces sree foxes permitted 4 éeentls ex= 
panded program of subtilin production. It is now being. produced 
on a semipilot plant scale on a sucrose-ammonium citrate medium 
containing the proper amounts of essential trace elements. The 
average fermentation yield is about 0.4 gm. per liter of culture. 
A weekly schedule consists of 3 consecutive runs with fermenter 
charges of 200, 150 and 200 liters with a production of 200 gm 
of subtilin, 50 Repost s(100 gm) of which is ordinarily isolated. 


Isolation. and _Purification 


Introduction cf a "salting out" step for the precipitation 
cf subtilin from the butanol culture extract permits its recovery 
as a centrifuge cake, thus.effecting its separation from the aqueous 
butanol phase in a simple operation without the use of hazardous 
flammable solvents. -(The butanol is available for recovery). The 
final.steps of purification are essentially the same as previously 
reported. ; 


Assay 

A batch of highest potency subtilin (L 1373), produced and 
isolated as described above, has been reserved as a standard prep- 
aration. It has a potency of 23% in ccmpariscn with the former 
arbitrary standard Lot L 1263. 


A cup ise assey method using Sarcina Lutea as the test 
organism has been adapted for measurement of blood levels from’ 
subtilin. This bacterium is considerably more sensitive than. 
Micrococcus conglomeratus, while the yellow pigment aids in 
gpg te) RES Se A 20 mm. oe is obtained with 
O. “3 a if the subtriin is Poel: “tio eras es. lo hours in 
a refrigerator before incubation. Subtilin in citrated blood 
gives a dosage-response curve with less slope than pure subtilin, 
but by comparison at an arbitrary zone diameter semiquantitative 
blood levels have been estimated in connection with investigeticns 
of mode of administration of subtilin being made by the Pharma- 
cology Division. 


Properties 


Subtilin preparations cf high potency were shown to be homo- 
genous with respect to salt fractionation and dialysis. Electro- 
phoretic studies of the dialyzed material support the conclusion 
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that subtilin is electrophoretically homogeneous. The solubility 
of subtilin in blood serum or in 0.85% sodium chloride at a 

PH of 7.4 and 37° C. is 0.06 - 0.07%. Its molecular weight is 
around ‘7000, 


Chemical Modification 


Limited solubility cf subtilin in blood serum has led to a 
program directed at the production of more salt-soluble, anti- 
bictically active derivatives. Suvislin is a polypeptide 
characterized by the presence of certain of the common amino . 
acids, the substantial absence cf others, and by the presence of 
lenthionine. The molecule thus offers the possibility of | 
modification by a number of specific protein reagents. Most 
work has been done thus far with a partially methylated derivative 
which is characterized by a solubility under physiclogical ecndi- 
ticns increased about two-fold and an antibiotic potency in- 
creased more than three-fold. The antibiotic spectrum of this. - 
methylated subtilin is unchanged qualitatively. 


Evaluation 


Improvement in the methods cf production and isolation of 
subtilin have made possible its producticn in amounts sufficient - 
fer distribution of samples tu qualified instituticns fcr its 
evalueticn in the treatment of specific diseases, Included in 
these are the following: 


Tuberculosis - Department cf Bactericlogy, University of Califcrnia, 
Los Angeles 
University cf Califcrnia Medical Schcol 
San Francisco County Hospital 
Naticnal Institute of Health 
Merck and Company 
Squivo Institute for Medical Research 


Trichomones vaginalis - University cf Celifcrnia Medical Schocl 
Rickettsial diseases - Lederle Research Laboratory 
Endamoeba hystclytica - University of Califcrnia Medical School | 
Bovine mastitis - School cof Veterinary Medicine, Washington State 
College 
Department of Veterinary Science, University 
cf Minnescta 


Bureau cf Animal Industry, Beltsville, Maryland 


‘Coceidiosis - Department of Poultry Pathology, University of. 
California 


ms Oe 


In addition to the above, a sizable amount cf subtilin has 
been supplied to the Antibiotics Study Section cof the Naticnal 
Institute of Health for distribution to qualified research workers, 
as well as small samples to many cther responsible groups without 
commitments as to the exact nature cf the work to be done, 


The Pharmaculogy Division cf this Bureau is actively engaged 
in the study of modes cf administraticn cf subtilin and the 
determination of the tcxicity <f subtilin end its derivatives. 


WHEAT UL ILIZATION INVESTIGATIONS 


INDUSTRIAL NCNFOOD USES OF GLUTEN 


tt A TE SO A A ns SO RY cn 


Studies cn the reacticns cccurring when wheat proteins are 
treated with phosphoric acid ccntaining excess phesphorus pentcxide 
have been ccmpleted, The same reactions do nct occur with 
"phospholeum", a commercial phesphoric acid ccntaining excess 
anhydride, The study cf protein phesphorylaticn is being dis- 
ecntinued. No advantages cover sulfation fcr the preparation of 
gel-fcrming products have been discovered, 


GLUTEN SULFATE 
Sulfation with Sulfur Tricxide 


The highly ccrrosive prceperties and instability cf ccmmercial 
sulfur trioxide have slowed progress in the investigation cf its 
possible use for raking gluten sulfate. Glutens prepared from 
scft white wheats have been sulfated by the standard sulfuric 
acid procedure. One preparation hed «a hydraticn capacity cf 
ever 500, that is, a firm gel was prepared in which the sclids 
ecntent was only 0.2 percent. The possibility that scft wheat 
glutens might yield sulfated preducts of greater hydraticn cap- 
acity than hithertc cubserved is suggested by these preliminary 
cbservaticns, 


ISOLATICN, AWALYSIS AND“ CHARACTERIZATION OF. CONSTITUENTS 
Lipid-Protein Xeleticnships in Gluten 


Despite the lerge number of analyses that have been run, no 
essential difference has as yet been detected between flcurs of 
equal protein content that are kncwn to differ markedly in 
baking properties, This ecnclusicn is disappointing; never- 
theless, e considerable amount cf information has accumulated 
that. may, at a later date, prove valuable, eee 


oa: 
FROJECTS UNDER THE see AND MARKETING ACT OF 1946 


The Western Regional nb sdarayt Laboratory has feat assigned 
, projects under this ey on. the POT TORRE eu ES 


1. . Develop’ New and Improved ee Tor Rio and Rice By- 
products and Better Methods of Processing and 
Hand ling Prior. and Subsequent to Processing. 


Work under this project will be conducted partly at the 
Southern Regional Research Laboratory and partly at the Western 
Regional Research Laboratory. At the Western Laboratory the 
initial project will be on "Studies in the storage of rice and its 
component parts." 


2. Development of New and Improved Food, Feed, and 
Industrial Uses for Dried Beans, and Splits and Culls 
Therefrom. 


Under this project studies will be made on "Factors affecting 
the quality of processed dried beans and peas" and "Survey of 
industrial utilization of dried peas and beans." 


5. Quality Preservation of Poultry Products, Improved 
Products and Improved Techniques of Maintaining 
Quality in Storage. 


Under this project the first subject to be investigated will 
be "Freezing preservation of cooked turkey meat." 


4. New and Improved Uses of Deciduous Fruits Especially 
to Prevent waste. 


Under this project the first subjects to be studicd will be 
"Development of processes and equipment for the production of 
deciduous fruit concentrates" and "Recovery and utilization of 
deciduous fruit essences and concentrates." 


De New and Improved Uses of Citrus Products. 


Under this project subjects to be investigated include the 
"Development of Procedures for large scale production of citrus 
fruit powders" and "Development and utilization of citrus powders." 
6. Study of Fundamental Characteristics of Wool as a 

Means of Developing New and Improved pele 


Under this project the .subjects to be studied include "Physi- 
cal investigations of natural and modified wool,” "Modification of 
wool by chemical means" and "Mechanical and molecular-kinetic 
characterization of natural and modified wools." 


ts Submerged Fermentation Production of Edible Mushroom 
Mycelium from Agricultural Westes. 


Under this project the subject to be studied will be "Produc- 
tion of edible mushroom products by vat fermentation." 
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- Conversion of Potatoes to More Stable Forms 
and Products. 

B. New Methods of Using Potatoes for Feeds and 
Non-Food Uses. 


Work under this project will include "Utilization of raw, 
dehydrated and dehydrofrozen white potato for the manufacture of 
potato chips and related products" and "Development of means of 
stabilizing peeled potatoes intended for shortly delayed use and 
possibly as a packaged product for pove eno tg . use." 


Another project which it is eines to conduct under 2 con- 
tract administered. through this laboratory is to “Design and . 
Construct Commercial Model of Continuous Type Press for Recovery 
of Juice from Pears and OEHes Fruits and Their Wastes Presenting 
Similar Juicing Problems," 


Other projects have been and are being considered, and it is 
probable thst some additions will be made to the list. 


The work under the above projects has not progressed far 
enough to warrant a report on accomplishments at this time. Efforts 
thus far have been devoted largely towards assembling a staff with | 
appropriate equipment and quarters to conduct the work. Approxi-. 
mately 35 professional workers are being added to our staff for 
these projects. Byes gs 
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EASTERN REGIONAL R#SHARCH LABORATORY 
P, A. Wells, Director 
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JUICE PRODUCTS 


Preparation and Storage of Apple Juice 


The experiments reported last year on processing and storage of 
apple juice were repeated in the 1946-47 season, However, in order to 
determine the effect of apple storage on juice quality, additional | 
samples of juice were prepared under ‘the same conditions, from the same 
lot of apples after three months! cold storage, Hach lot was divided 
and half stored at 35° F, and half at 75° F, These were tested Sto 
six-week intervals by a taste panel, The results of the storage tests 
showed that juice held at 35° F, for 12 months retained most of the 
original flavor, whereas juice stored at 75° F, consistently rated two 
or three points (scale 10 to 1) poorer in flavor, These results con- 
firm the previous season's study, 


4 definite preference for cloudy juice in contrast to clarified 
Juice was shown at the cold storage level: however, at room tempera- 
ture storage they were about equal in quality, All the cloudy juices 
contained sediment, whereas the clarified juices had very little or 
none, Cold storage seemed to retard sediment in the latter case, 


The juices packed from apples kept in cold storage for three 
months were definitely inferior to the juices prepared from fresh 
apples and then stored three months in cold storage, Addition of 
apple essence improved the flavor of both clarified and Cloudy juices 
and retained this improvement throughout the year, 


Apple Juice Survey 


During May and June a survey was made of the commercial apple 
juice packed in 1946, Twenty-nine producers submitted 36 samples 
of juice representing a total production of 16,000, 000 gallons, or 
80 percent of the probable total pack, This represents a consider- 
able increase in production over the 5,850,000 gallons packed in 
1941, the date of the last previous survey, 


The survey indicated a trend away from deaeration, and a trend 
toward the addition of ascorbic acid, However, there were not suf- 
ficient samples of ascorbic acid fortified juice to indicate to what 
extent, if any, the juice was improved by this treatment. The 
average flavor score of the samples submitted was lower than that 
observed for the 1940 and 1941 surveys, The fact that the 1946 
survey was conducted about 2 months later in the season than the 
previous surveys may account in part for the poorer flavor scores, 
Since it has been observed that flavor deteriorates on storage, 
especially at room temperatures, Laboratory lots of juice stored 
7 months at 75° F, averaged two flavor grades lower than those 
stored at 35° F, 
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Such factors as the type of container, deaeration, use of 
ascorbic acid; filtration, clear or cloudy. type of juice, and size 
of plant showed no apparent relation to flavor score. . 


Because the survey showed that half of the commercial brands 
of juice rated poor or objectionable, and since the marketing of 
juice ‘of such inferior quality undoubtedly hurts the industry as 
a whole, it was decided to visit some of the apple juice plants and_ 
observe their operations, Twenty plants in Virginia, Pennsylvania, 
Ohio, Michigan and New York were visited, Of this number, 12 were 
in actual operation, 3 had not yet started production. this season, 
and 5 had discontinued apple juice either for this season or per- 
manently. - sO the 15 plants producing or expecting to produce juice 
this season, ‘only ‘fe have any technically trained personnel to super-— 
vise quality control, Two or 3 others have the services of outside 
consultants and at least 5 have no scientifically trained assistance 
of any kind, This condition of quality control, or lack of it, is 
usually reflected in the quality of product from the individual plants. 


As a general rule apple juice is considered ‘a salvage operation 
and little attention is given to quality of raw material, Many plants 
were using a large proportion of small, immature fruit which was low 
in sugar and had very little flavor, The inspection of fruit, to 
eliminate rots and bruises. was generally inadequate and at one plant 
there was no inspection at all, 


The sanitary conditions at the various plants varied from fair- 
ly good to extremely poor, At several plants the improper cleaning © 
of press cloths, tanks, and other equipment actually imparted off- 
flavors to the juice, "Bven the best managed plants. do not appEoachys: 
the cleanliness of grape juice plants, 


There is a general lack of appreciation of the harmful effects 
of high temperature storage, Only one or two plants cooled “the 
juice adequately before storage, At most plants the juice was cooled 
only to 115-120° F, (136° F, at one plant) and immediately stored in. 
tight stacks with little chance for further cooling, Such juice ~ 
often develops off-flavors within a week, . 


“As a. consequence pe) the above findings, we have temporarily 
reversed our viewpoint: in the study of apple juice, We are now 
seeking the causés of: poor juice. We are getting exnerimental 
evidence: on the effects of warm storage, ‘decayed fruit, dirty press 
cloths, immature eae pnd. other supposedly ulterior factors, 


Volatile Flavor _ Recovery . 


During the past year a ‘small portable flavor recovery . unit was 
constructed,: Essences were produced from a variety of fruits, with 
this Se iauaut, in cooperation with the Horticulture Department of 
the Virginia State Experiment Station, The unit was operated at 
Blacksburg, Virginia by members of the Eastern Laboratory staff, on. 
juices prepared by Dr. L. L, Davis from frozen fruits and juices . 
which he had collected for us during the spring and summer, Juices 
from strawberries, peaches, blackberries, youngberries, rhubarb, _ 
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huckleberries, Delaware grapes, Moore's Early grapes, Niagara 
grapes, Worden Beret and two varieties of French cider apples were 
processed, , 


~The essences from strawberries, peaches, huckleberries, rhubarb, 
Moore's Early grapes and Worden grapes had strong characteristic 
aroma, ‘Niagara grape and Delaware grape essences were strong and 
fragrant, but lacked full grape character, Blackberry and youngberry 
essences were less characteristic of the full berry flavors, but con- 
tained the top note and in concentrated form are recognizable, ‘ 
Essence produced from juice expressed from Moore's Early grape pulp 
is not characteristically grape, but essence produced from juice ex- 
pressed from the: skins of this grapeis highly characteristic, This 
indicates that the grape skin contains the bulk of the volatile 
aromatic constituents associated with grapes. 


The psnie essences produced from the two French cider varieties 
were only fair, but they would not be objectionable in any reason- 
able blend of apples, 


Thaudtr iat interest in the production and: application of 
apple and other fruit essences continues ata very active pace, 
However ,the recent: imposition of-a $9.90 per wine gallon tax on 
essences containing over 0,5 percent alcohol is giving some concern, 
Commercial samples of fruit essences have been sampled that contain 
up to 10 percent alcohol, A request for a reclassification of these 
essences has been made by industry as they feel it would make the 
production of the fruit essences commercially unfeasible, 


Firming of Apple Slices 


Changes in the firmness of apples stored at 35° F. were measured, 
using a compression test, Comparing varieties in Avril, the firmness 
of cooked apple flesh was in the following decreasing order: eastern 
Red Delicious, Jonathan, York Imperial, western Red Delicious, Stayman 
Winesap and McIntosh, The firmness of ‘the eastern Red Delicious, 
Jonathan and York Imperial remained fairly constant from January until 
the apples spoiled, whereas:a gradual decrease in firmness occurred 
in the western Red Delicious, Stayman Winesap and McIntosh apples, 
Jonathan apples showed the best keeping quality, and cooked tissue of 
satisfactory firmness was obtained from them even in July. McIntosh 
apples disintegrated into a mush on: cooking as early as in March, 


The effect of pH on the firmness of cooked Jonathan apples was 
measured, The firmness decreased markedly at pH below about S25 
(the natural pH), was almost constant from 3.5 to 7,0, and decreased 
gradually above pH 7.0. The effectiveness of calcium ion as a firm 
ing agent increased almost linearly with pH, approximately doubling 
with a pH change of one unit, 


A number of substances other than calcium ion were tested as 
firming agents for Jonathan apples, Jonathans were used because 
at the time when the tests could be begun they alone among the several 
varieties. were sufficiently sound, Aluminum ion was as effective as 
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calciun, whereas magnesium ion showed no firming action at all on 
Jonathan, ‘western Red Delicious, and Stayman Winesap apples. Mag- 
nesiun, aluminum, and calcium would appear to be the only metals whose 
salts aera possibly bevacceptable as firming agents for fruit, 
Sucrosé at concentrations of.10 and 30 percent doubled and tripled 
the firmness of cooked: Jonathan apples, Zxploratory work showed that 
tannic acid, formaldehyde, and barium salts were as effective as 
calcium, and that lead ions caused the greatest increase in firmness 
of all substances tested. These observations, with the fact that 
calcium ion does not gel or thicken normal apple pectin extracts, 
suggest that other constituents of the apple, such as hemicellulose, 
starch or a derivative, protein, or an oxidized cellulose, may be 
considered eis wei thi pectin as possible participants in a firming 
reaction.,. 


Preliminary tests indicate that the soluble fraction of pectin 
within apple tissue may increase firmness by reacting with calcium 
ion, Both with a stored winter variety (Jonathan) and an immature 
summer variety (Gravenstein), about three times as much pectin, 
determined by the Carre-Haynes method, was extracted by water at 
25° C. from untreated tissue as from tissue which had been impreg- 
nated with calcium ion, 


VEGETABLE UTILIZATION INVESTIGATIONS 


VEGETABLE WASTES 


Feeding Trials 


The widespread use of carotene by the feed industry depends 
upon the certain knowledge that, unit for unit, carotene is as 
efficiently utilized as a source of Vitamin Aas the natural vita- 
min from fish liver oil. 


In a preliminary experiment at the Delaware Agricultural Experi- 
ment Station in 1945, a broccoli carotene extract was compared with 
fish liver oil at two levels and the results shoed that carotene was 
as efficiently utilized as fish liver oil as a «source of Vitamin A. 
A second experiment: has been carried out under much more carefully 
controlled conditions and the results confirm the previous ones. In 
this féeding trial molecularly distilled carotene was compared with 
a commercially prepared molecularly distilled vitamin A oil at three 
levels using a basal diet essentially free of vitamin A, Carotene 
in “broccolt: was ‘also used in this trial. 


the" data clearly show that the growth, the Peed efficiency, and 
the mortality of chicks receiving their vitamin A as- carotene, either 
in the form of'the leaf meal or as the purified extract, - were equal 
to those of chicks receiving their vitamin Ain the form. of the dis- 
tilled fish liver oil. A third series of feeding tests, which in- 
cluded both male and female chicks, was in close, agreement with the 
results above, vi ie 


Three new feeding trials using vegetable waste products are 
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currently under way at the Delaware Station, A large scale 
comparison of carotene and vitamin 4A, involving 6 pens of 50° 
laying birds each, has been in progress for approximately two’ 
months, No: significant differences in laying or hatchability 
have been observed at this early stage between the groups re- 
ceiving their vitamin A in the form of carotene: as COnpares to 
the pari: receiving fish liver oil, : 


Voge table Leaf - Proteins Ri - 


Extensive galtgitiand data on the amino gniie Asnbeten of 
vegetable leaf proteins shows that they contain a well-balanced’ 
mixture of the ten most essential amino acids for human or 
animal nutrition, and that all leaves have about the same amino. 
acid make-up, 


RU TIN © 


Agronomic Studies 


Raneinied REE peri in beoseretl oe with the Pennsyl- 
vania State College and the Bureau of Plant Industry, Soils and ~~ 
Agricultural Hngineering, on four varieties of buckwheat showed 
that the Tartary and. tetraploid varieties are. equally superior 
sources of rutin, both from the standpoint of content and yield 
per acre, followed closely by-emarginatum, while the Japanese 
proved to be definitely inferior, 


On DeKalb soil at Clearfield, Pennsylvania, buckwheat showed 
the greatest response to fertilizer’ containing nitrogen. This 
was apparent in’ more rapid growth of young plants, with a result 
that. there was a higher yield, calculated to. dry weight, a some- 
what lower rutin content, and an earlier peak in yield of rutin. 
per acre, than with phosphorus, with phosphorus-potassium, or with 
' lime, - After seeds had well developed the dry weight percent.and 
yield of rutin per’ acre were little affected by fertilizer treat- 
ment. These effects:were tost pronounced with the Tartary 
variety, which exhibits. indeterminant growth, and thus has a more: 
prolonged growing period than the Japanese, An insufficient 
number of collections were made of the: -tetraploid.and emarginatum 
(the other two indeterminant varieties). tio’ warrant any definite con- 
pes tee on fertilizer TOBPONSS, we iid 


These apes vag fh support previous. indications that Tartary . 
buckwheat is superior to the Japanese variety as a source of 
rutin, As. a‘result, virtually all the rutin now. being produced 
comes. from the Tartary variety. However,-the relationships’ be- 
tween rutin yield and per estat Ton ‘of Re Ne have not yet 
been FePplekery. SNe LEB ee es 


Manufacture Pn ORauewnte 


The first commercial production of rutin from buckwheat by 
processes developed under. this project: occurred in 1945, when four 
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companies produced about four hundred pounds; in 1946 at least. 
ten companies engaged in rutin manufacture, producing an estimated 
10,000 pounds, Due to increased interest in this drug throughout 
the medical profession, it is believed that: manufacturing opera- 

_ tions this year are on a somewhat larger scale, Rutin is now 
available on prescription throughout the United States, 


Biological and Clinical Studies 


The practice of furnishing rutin to physicians for individual 
case treatments was, in general, discontinued in September 1946, 
when the drug was offered for sale to the public, Moreover, since 
-we found that results from isolated cases are of doubtful ihedical 
value, except in unusual circumstances, rutin is now being fur- 
nished principally to clinics for experinental treatment of a varie- 
ty of disorders, Among these may be mentioned apoplexy, diabetic 
retinitis, hemophilia, purpura, arteriosclerosis, coronary throm- 
bosis and hypertension. On the basis of the lnown effect of the 
drug on capillary fragility and permeability, these disorders may 
respond favorably to rutin therapy. 


The use of rutin-in preventing damage from frostbite in rabbits 
has been investigated extensively during the past year at Stanford 
University Medical School, The results show that rutin is invalu- 
able in preventing frostbite injuries, The possibile military in- 
plications of this discovery are apparent, and an effort will be 
made this year to initiate clinical testing under field conditions. 
In a previous report it Was indicated that studies by Dr. J, Q, 
Griffith, Jr., of the University of Pennsylvania Medical School, 
showed the value of rutin in preventing X-ray burns, It was con- 
ceived on the basis of these results that rutin might be useful in 
alleviating some of the known injurious effects of atomic radiation, 
Studies to test this hypothesis are now being carried on in coopera- 
tion with laboratories of the Atomic Energy Ceimission, 


~ Considerable progress was made in Deo eat cry studies to develop 
suitable chemical and biological ‘methods for assaying rutin, One 
method developed by this Bureau's Pharmacology Division is based 
on the effect of rutin on capillary permeability, When. this tech- 
nique is developed to give accurate quantitative results it may _ 
afford valuable information’ on the mechanism of rutin action, So 
far we Have no basis for explaining the important effects of this 
* substance, © 


TOBACCO UTILIZATION INVESTIGATIONS 
Tobacco Conference * 


In accordance with suggestions made at, the Experiment, ‘Station 
Directors! Meeting in Philadelphia last May, a conference on tobacco 
research was’ held at the Hastern Laboratory on October 22 and 23,: 
Those attending included most of our collaborators, and representa- 
tives from Universities, the tobacco industry and interested Devart- 
ment agencies, A summary report of the conference wae made- available 
to Directors. of all State Experiment. Stations, 


Activators for Nicotine 


For the ha dt gavarat years attempts have been made to in- 
prove the usefulness of nicotine as an insecticide by finding a 
suitable activator or synergist. Synergism has been approvriate- 
ly defined as the property that makes "two plus two equal five," 
i.,e., the effectiveness of the combination is greater than the 
additive effect of the materials taken singly. Since ‘there is no 
basis for predicting synergistic effects, the substances chosen 
for testing were picked at random, Several hundred compcunds were 
tested before one was found which showed a definite activating 
effect, This substance, phthalonitrile, has been carefully studied 
during the past year, Under the conditions used, mixtures of . 
phthalonitrile and nicotine showed marked synergism against the 
armyworm, definite synergism against the pea aphid, diamond back . 
moth, and California oak worm, doubtful synergism against the . | 
green dockbeetle and celery leaf tier, and no synergism against 
the pomace fly and greenhouse thrip. Synergism was shown by three 
forms of nicotine -- sulfate, bentonite, and cuprous nicotine 
cyanide -- ;:: as a stomach poison and fumigant, In many cases 
the toxicity of the nicotine was doubled or trebled, Although 
phthalonitrile may not prove to be a feasible adjunct to be used 
with nicotine, it does prove that synergism with nicotine is 

_ possible, The search forothers can continue with increased 
confidence, . 2 ; 


NICOTIANA RUSTICA 


Cooperative Agronomic Studies 


. The informal eooperative arrangement with the Bureau of . 
Pieat Industry, Soils, and Agricultural Engineering has been con- 
tinued for the growing of plant material, and for studies on 
nicotine production. Plots were continued at Wyndmoor, Pennsylvania; 
Beltsville, Maryland; Waynesville and Transou, North Carolina; and 
at the Alaska Experiment Station, An additional plot was grown at 
Highlands, bia Carolina, in an area hs high rainfall and fog. 


The production of the 1947 plots was regarded as normal, In 
Alaska a short season German variety of rustica was tested, and - 
first reports indicate that it will prove to be a better selection 
than the larger, slower maturing Department varieties used. ew 1946, 


The new selections developed by the Department at Arlington 
Farm and Beltsville,some by Dr,.H,; H, Smith, 12 varieties secured 
from Russia, and one German variety were also included, The .De- 
partment selesticne are large growing and possess maximum sucker 
growth, a costly economic factor, The Russian and German selec- 
tions are smaller plants,: with a lower suckering cost. Some of 
them showed possibilities for use in the humid regions lixe.. 
Pennsylvania, 


Recovery of Nicotine 


Five methods are: (udtested for preserving the nicotine in 


Sy 


rustica, They are (1) extraction of the juice by pressing ina 
cane mill or Davenport press and extracting the nicotine from the 
juice imaediately or from storage; storage of the green plant 
material as (2) ensilage or (3) in acid or alkali: solutions; (4) 
drying the plant material rapidly by artificial heat; (5) natural 
air drying, 


The natural air drying is the obvious method for the farm in- 
stallation, Like ordinary tobacco the grower can bring his rustica 
to a safe handling condition, This would allow him to move it to 
the extraction plant at his convenience, It would require the 
grower to supply a suitable barn for the drying or.curing operation, 
The other methods of preserving materials is Les above pamuare special 
storage at the extraction works, . 


In 1946 two ensilage experiments were undertaken, OQne. employed 
5 percent molasses to increase the carbohydrate content, and in- the 
second 2 percent phosphoric acid was added to-preserve the material. 
There also was a series of high acid solutions, ranging from pH 1 
to pH 4, The tobacco was cut and packed with only a normal wilt. 
The high acid solutions preserved the nicotine remarkably well with 
@& minimum of 2085. 


To secure better ensiling conditions in 1947. the tobacco was 
severely wilted in the field, losing 25 percent of. ite freshly cut 
weight, before being packed in the storage jars, The 5, nercent 
sugar solution and 2 percent phosphoric acid ensilage experiments 
were repeated, Seven solution experiments are also being studied 
using 3 percent and 5 percent NaCl, 5 wercent KC1, 5 nercent and 
10 percent lime, and 1 percent bentonite, Results of these experi- 
ments are not et available, 


Pilot plant scale experiments were made on expressing the 
juice from green Nicotiana rustica, with the object of eliminating 
the necessity of steam distillation of the‘fresh or dried plant 
to obtain the nicotine, The plants were chopped by ‘an ensilage 
cutter, then passed five times through a small. sugar-—cane mill, 
Before the fourth pass water was added, and again before the. 
fifth, Of the total nicotine in the plants, 9e.percent was found 
in the expressed Juice, The concentration of nicotine in the juice 
from the first pass was about'0.50 percent; the additions of water 
on the last two Vg ose reduced abe concentration in the total mixed 
juice to 0, 45 percent .. ea 

Since it i® necessary eventually to add lime to: the expressed 
juice in ordér’ to prevent fermentation and to liberate: the nico- 
tine, tests were made with the addition of 0,8 percent. of lime to 
the chopped plant before milling, in an attempt to make the vlant 
tissue more amenable to pressing, The extraction of nicotine was 
the same, viz. 92 percent, 


Simblar peso eihonte were made ina Davenport double-cone press 
of the smallast commercial size, At low speed both with and with- 
out lime the same extraction was obtained as with the cane mill, 
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At maximum speed the capacity was 2.9 times that at low speed, 

and the extraction-only 2 percent less, In a commercial installa- 

tion four or five mills, or presses, would be placed in tandem and 

the plant material passed continuously from each to the next, water 
being sprayed on it during its passage. 


MILK PRODUCTS UTILIZATION INVESTIGATIONS 
MILK PROTHIN STUDIZS 
Bristles from Milk Proteins - 


In the production of casein bristles quinone has been used as 
a hardening agent since it gave a flexible, black bristle of good 
durability, Before the development of the continuous method re- 
ported last year, bristle hardened with formaldehyde was invariably. 
brittle, Since the development of thecontinuous method, it has 
been found that the formaldehyde treated bristle is as flexible 
and tough as the quinone bristle, : 


The use of formaldehyde in hardening casein bristle gives an. 
alternative method of hardening, which results in a celorless 
bristle that may be dyed any desired color, Moreover, the price of 
formaldehyde as compared with quinone makes. the production of for- 


maldehyde bristle more economical, 


‘It was found that the addition of small quantities (0.1 - 0.5%) 
of heavy metal salts such as mercuric chloride increased the wet and 
dry strengths of casein bristles approximately 15%, Mercuric chlo-- 
ride was more effective in increasing the tensile strength of bristles 
than cadmium and zine chlorides, Under the conditions of making 
bristles, mercuric chloride breaks the disulfide bonds of casein and 
produces a decrease in viscosity, It is not likely that these changes 
are concerned with the improvement of the tensile strength of bristles 
by mercuric chloride, However, the addition of a small quantity 
of mercuric chloride in preparing bristles is advantageous since it. 
is not expensive and has the further advantage of destroying prote- 
olysis and inhibiting breakdown by microorganisms, 


Structure of Proteins and Protein Fibers 
SS 


Continued studies on the water absorption of proteins has 
yielded results of considerable interest, Since the water absorb- 
ing power of the peptide groups in proteins has long been the sub- 
ject of controversy, our studies along this line during the past. 
year were directed at a solution of the problen, | 


Two long chain polyglycineé molecules were synthesized and their. 
vapor phase water absorption isotherms determined, The shorter 
glycine peptides previously studied have shown that nonhygroscopic 
amino acids can produce hygroscopic peptides, but it was necessary 
to employ these longer peptides to show that the peptide groups 
themselves were capable of acting as sites for the absorption of 
water, 
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The peptide group was shown to be responsible for over 50% of 
the water absorbed by most proteins, This fact is useful in deter-— 
mining the amount of change in water absorbing properties which can 
be expected by modification of proteins, 


The water absorbed per gram of nitrogen in the backbone chain 
of these polyglycine peptides is almost equal to that absorbed dy 
silk, which is one of the less complicated proteins, This indi- 
cates that the peptide group may have the same activity as a site 
for water absorption in all proteins, 


CARBOHYDRaTE STUDIES 


Plasticizers from Lactic Acid 


Softening or plasticizing oils are mixed with many resins and 
elastomers to increase flexibility and toughness and to facilitate 
fabrication operations prior to manufacture of the finished articles, 
These softeners or plasticizers are an important component of 
plastics and elastomers, and frequently comprise as much as 30 to 
45 percent of the finished composition, The plastics industry as 
it exists today is dependent upon and is in need ofbetter plasticizers; 
it is anticipated that as much as 200,000,000 pounds of plasticizers, 
commanding prices as high as $1.00 per pound,’ will be required in 1948, 


Because of the importance of plasticizers and the huge potential 
outlet afforded for these materials, lactic acid derivatives having 
the properties required in plasticizers were prepared and studied, 
In conducting this study, particular attention was given to the pro- 
duction by economical methods of products suitable for pvlasticiz- 
ing vinyl resins and cellulose derivatives, including cellulose 
acetate and ethyl cellulose, Some of the experimental plasticizers 
could be purified by distillation, but it was necessary to refine 
many of the relatively non-volatile products by treatment with 
activated carbon, The yields were high, and the reagents used to 
prepare most of the plasticizers are available commercially at low 
cost. Certain pertinent properties, such as volatility, compati- 
bility with typical commercial resins, water solubility, boiling water 
stability, and viscosity of the plasticizer were determined, The 
plasticizers were mixed with a vinyl chloride resin, and the resuit-— 
ing compositions were used to determine tensile strength, elonga~ 
tion, and flexibility, The promising results obtained thus far in 
the evaluation studies indicate that lactic acid can be converted 
into many derivatives that are suitable for plasticizing several 
of the commercial resins, Some of the lactic acid derivatives 
were approximately as effective as the currently preferred com- 
mercial plasticizers, Several industrial organizations have ex- 
pressed an interest in lactic acid plasticizers and are conducting 
evaluation and market studies. 


ANIMAL FATS AND OILS UTILIZATION INVASTIGATIONS 
STABILITY aND STORAGE INVESTIGATIONS 
- Studies concerned with the synthesis and: evaluation of vari- 
oug new compounds as antioxidants (stabilizers) for fats have been 


continued, Last year it was reported that studies on the prepara- 
tion of esters of gallic acid by direct synthesis resulted in 
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greatly improved yields of these compounds, By the improved pro- 
cedure pure lauryl gallate, an ester having especially favorable 
properties for antioxidant use, has been prepared in yields of 
70-80 percent, Commercial preparation of this product should be 
relatively simple. 


The antioxidant properties of the gallic acid esters were de- 
termined by an accelerated aging test and by baking tests, The 
latter afford information on the power of the antioxidant ta 
protect the fat in baked products, The rapid aging tests indi- 
cate that the higher gallate esters are equal to the best of other 
known antioxidants in stabilizing animal and vegetable fats, Saking 
tests with piecrust showed that a higher concentration of lauryl 
gallate is required for effective stabilization of lard for use in 
piecrust than is required for bulk fats, About 0.05% is desirable 
for piecrust, whereas as little as 0.01% is effective for bulk lard, 
In tests with soda crackers, lauryl gallate was relatively ineffec- 
tive, This is undoubtedly due to the presence of soda, These re- 
sults further confirm the value of the higher esters of gallic acid 
as antioxidants for fats ana oils, but define certain limitations 
as to their effectiveness, In general, they are good antioxidants 
for animal fats and for hydrogenated vegetable oils, and show good 
carryover into baked piecrust. 


SURFaCi ACTIVE AGENTS 


Emulsifiers for Manufacture of GR-S Synthetic Rubber 


Cooperative research previously reported, undertaken with the 
Rubber Reserve Company in coonnection with their Soap Development 
Program for Government Synthetic Rubber, showed that: (a) the poly- 
unsaturated fatty acid components of the tallow soap emulsifiers 
acted as retarders in the emulsion polymerization of GR-S syn- 
thetic rubber; (b) selective hydrogenation of the fat. stock 
eliminated variations in the rate of polymerization; and (c) spectro- 
photometric methods of analysis for residual polyunsaturation in 
the soaps were successful as a means of production control, Speci- 
fications for the soaps to be used as emulsifiers were accordingly 
revised by the Rubber Reserve Company and: the. program calling for | 
hydrogenation was put into operation and proved successful in 1945 
and 1946 in the manufacture of GR-S by the batch process. 


Solution of this problem inade possiole.a conversion of .the:: 
Synthetic rubber plants to a.continuous process, However, early. 
in 1947 it became apparent that in the continuous process unknown _ 
retarders were present in. the soaps unrelated-to their polyun- 
saturated fatty acid content, producing variations in:the rate of 
conversion to polymer, particularly in the later stages of 
polymerization, 


Soap samples representing emulsifiers of both good and bad 
characteristics, with data for their performance in plant scale 
overations, were supplied to the Laboratory by three Rubber 
Reserve Company plants, with a request from the Office of Rubber 
Reserve for assistance in solving this new problem, Ayn 
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Svectrophotometric analyses of these soaps showed most of them 
to be below the specification limit for polyunsaturated fatty acid 
content, ' When corrected for these known retarders, wide varia- 
tions in the data for percent conversion to polymer remained, This 
‘indicated the presence of unidentified retarders, presumably in 
the soaps, 


-Semi-quantitative spectrographic examination of the ashed soaps 
for trace metal content revealed unexpectedly large amounts of 
nickel in many cases, Other metals were absent. Quantitative 
colorimetric analyses established a range of 0.0 to 104 parts per 
million of nickel in fourteen different soaps which we examined. 


A plot of nickel content of soap versus percent conversion to 
polymer incicated a linear relationship between nickel content 
and drop in percent conversion, approximately 8 parts per million 
corresponding to a drop of 1%, 


It was tentatively concluded that nickel, present as an in- 
purity in the soap owing to incomplete removal of fat hydrogenation 
catalyst, acts as a retarder in the continuous emulsion poly- 
merization process for manufacture of GR-S synthetic rubber, It 
was suggested that the Rubber Reserve Company test the effect of 
added nickel, both in the form of finely divided metal (catalyst) 
and in combined form such as nickel oleate, in bottle scale poly- 
merizations, . The results of such tests have not been reported, 


PLASTICS, PLASTICIZERS, COATINGS AND OTHER INDUSTRIAL CHEMICALS 


_ The vinyl and furfuryl esters of caproic, caprylic, pelar- 
gonic, capric,-lauric, myristic, palmitic and stearic acids have 
been prepared in-good yield and some of their properties have 
been determined, The vinyl esters have been polymerized with 
benzoyl peroxide as catalyst and copolymerized with vinyl acetate 
or styrene, The simple polymers are soft and elastic, and the 
copolymers range in character from hard and glass-like to soft 
and elastic, 


Vinyl esters of long-chain saturated fatty acids are a 
potentially valuable class of monomers since they are readily 
polymerized and copolymerized with other monomers, The 
properties of the products suggest many possible uses, such as 
pressure sensitive adhesives, water-resistant coatings, puckag- 
ing materials, synthetic rubbers and many types of molded 
articles, In addition, the ability of the vinyl esters to co- 
polymerize with commercially important monomers, such as vinyl 
acetate and styrene, suggests application as intramolecular 
modifiers, Products which are intramolecularly modified should 
not suffer from the disadvantages usually encountered with modi- 
fying agents which are mechanically admixed with a high-molecular 
weight polymer, 
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_ POTATO. UTILIZATION INVESTIGATIONS 


STUDIZS ON DEVELOPMENT OF IMPROVED STORAGE METHODS FOR POTATOZS 

Considerable interest has been shown recently in development. 
of better methods of storing potatoes, particularly in methods — 
based on treatment with certain chemicals that retard sprouting 
and that would permit storage at temperatures higher than those in 
current use, Because of the late harvest and low temperatures 
prevailing during winter, Maine has good storage facilities where 
surplus potatoes can be kept until at least the following spring, 
By contrast, other Zastern states whose combined potato production. 
greatly exceeds that of Maine have practically no storage facili- 
ties for potatoes, The refrigeration normally required for 
potatoes is expensive for milder climates, 


Investigations carried out at some of the, State Experiment Sta- 
tions using carbon dioxide-enriched atmospheres for storage of 
pot»toes have indicated that potatoes can be kept without deteriora- 
tion using CO. enriched atmospheres, This.suggested a possible 
metinod for storing and preserving the southern and intermediate 
potatoes, Accordingly a quantity of Maine potatoes were placed in 
storage at 68° F, Part of the potatoes were in an atmosphere con-. 
taining 8% COs, and the other 12% CO2. A control batch (without — 
CO>)was kept at the same temperature, .After:two months storage the. 
control potatoes showed signs-of svrouting, ‘After the same period, 
however, the sprouting vroceeded somewhat further in the potatoes 
kept at..8% C05, and was quite extensive.in potatoes kept at. 12% 
005. The experiments were repeated using Florida potatoes at 
68° F, but with only 3%.CO2; -As in the vrevious experiments the 
tubers kept in COo sprouted faster than the control tubers, -- From 
these results it avpears that C0, promotes rather: than retards the 
aoe aah potatoes, at least at the higher temperature. ranges 
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terest in the.use of the methyl ester: 

of naphthalene acetic acid as a sprouting inhibitor, and in. some ui, 
localities the treatment has been carried out on a large scale, 
Storage tests on potatoes using this material were carried out. at 
68° F, in which confetti impregnated with the methyl ester was. 
interspersed among the potatoes, On the whole the potatoes remained 
firm and there was little sprouting over the period of storage | 
(November 1946-September 1947). In. addition to observing the con- 
ai ftion, of the potatoes, chemical changes occurring during storage 
were determined, since there is little information. regarding the 
chemical changes that occur during such storage, The results showed 
that during the. first few months of storage there was only. a slight 
change in the values for starch and sugar, After that there was.a 
considerable decrease in the. values for starch and a pronounced rise 
in the sugar content of the potato tubers, particularly in the 
values for non~reduc ing sugars, It is known thot a similar change 
takes place in untreated potatoes, but this effect is’ attributed to 
sprouting, since the sprouts have a high sugar content, It is not 
Clear at vresent why this phenomenon takes place in potatoes in the 
absence of sprouting, 


There has been much in 


ud 


.. Development. of. successful methods of storing potatoes at rela- 
tively high temperatures.by treatment with compounds such as the 
methyl ester of naphthalene acetic acid offers considerable promise, 
Such methods would be of great importance for storage of surplus 
potatoes in the warmer regions of ace States, Before any 
conclusions can be drawn, however, a thorough study of the chemical 
changes taking place during storage under these conditions should 
be made, - 


STARCH ESTERS aND BTHEAS 
Commerol at, Development, of of Allyl St. Starch 


Publication during the eaat year of improved. method for pre- 
paring allyl starch stimulated further industrial interest in this 
product. _It-has been reported that at least threekoncerns are 
building or overating pilot plants for the production of allyl starch, 
Two companies ure now distributing samples to prospective custouers. 
Another commercial concern making small quantities of allyl starch 
for its own evaluation has an undisclosed use for.allyl starch which 
will require about 50,0UV0 pounds ennually, «A company in Philadelphia 
found that addition of;allyl starch improves the quality of printing 
ink, and they are ready. to purchase allyl starch as soon as it 
appears on the market in commercial quantities, A nuiber 6f other 
commercial epedtr BahL ong are investigating various applica ub ions of 
allyl chapels 


CONVERSION OF SURPLUS POTATOWUS TO STABLE FORM 


Dehydration for Feed Use 


Because of the very large surpluses of potatoes during the past 
two or three years, and the perishable nature of the commodity, in- 
tensive studies hive been carried out with a view to developing the 
most practicable and cheapest method of converting potatoes to 
stable form, to vermit utilization in an orderly manner for livestock 
feed, or for industrial use, - A survey of- the various methods for 
drying potatoes in this country indicated that the most economic 
method was one based on washing the potatoes, grinding in a hamner- 
mill, dewatering in a continuous Davenport press, and drying in a 
direct heat Roto Louvre dryer, Because this process involves a 
serious fire and explosion hazard, pilot-plant experiments were 
carried out to develop an equally cheap byt safe Pet BOR s 


The pressing eonatyen Dedivoned above: reduces the moisture 
content from 80 vercent to about 65 percent, thereby greatly 
reducing the cost of drying, However, at 65 vercent moisture the 
product sticks very badly unless the dryins teuperature is over 
700° F, This requires a direct heat dryer, but this type is 
hazardous because of the tendency for the starch to form an °x- 
plosive mixture with air, We found that by regrinding the pressed 
potatoes in a hammermill and mixing the product with dried potatoes 
sufficient to reduce the moisture content to 45 percent, sticking 
is overcome and drying can be done safely in a steam tube dryer, 
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This is the cheapest safe method of drying potatoes for feed which 
we have yet devised, The cost of the product, with potatoes at no © 
cost, is estimated to be about $23 per ton, 7 


Conversion of Potatoes toa Crude Sirup 


It has been suggested that good cattle feed ("potato molasses") 
can be prepared by hydrolyzing the whole potato and concentrating 
the hydrolyzate to improve its keeping qualities, Accordingly, ex- 
periments on hydrolysis of ground wpotaotes with hydrochloric and 
phosphoric acid were nade,using concentrations of acid from 1 to 8 
percent (based on the whole potato), It was found that the starch _ 


in whole potatoes hydrolyzes more slowly than pure starch and that 


hy@rolysis with phosphoric acid is considerably slower than with 
hydrochloric acid, Efficient stirring reduces the time of: hydroly- 
sis. Since the mineral acid has to be neutralized after the 
hydrolysis, a noticeable salty taste is acquired by the sirup after 
concentration when two or more vercent of hydrochloric acid is used, 
However, even the sirups prepared with the lower concentrations of 
acid are not sweet, 


To improve the taste of the sirup the sonversion of potatoes 
with malt diastase was studied, using 1, 3 «ind 5 percent of ground 
malt, Two hours were required to convert the potatoes with 5 per- 
cent malt, 6 hours with 3 percent, and 10 hours with 1 percent. 

On concentrating the converted liquid, a sirup of better taste than 
that prepared with acid was obtained, It was, however, not a sweet 
sirup. . 


In view of the fact that the product obtained by either acid 
or enzyme hydrolysis is not sweet, and in view of the high cost of 
producing such a product, it is aot believed to offer at part hs 
over a straight dehydrated product for feed use, 


TANNING MATERIALS, HIDES, SKINS aND LiaaTHER TIVESTIGATIONS 
DEVELOPMENT OF NEW AND POTENTIAL TANNING MaTBRLALS 
Canaigre » 


Because of the importance of canaigre as .a potential source 
of tannin, as well as a possible new field crop, a greatly intonsi- 
fied program is being developed on canaigre, @f first. importance 
is the planting of sufficient acreage of the roots to assure more 
adequate supplies for experimental work and to develov more infor- 
mation on its cultivation, This is being carried: out..in coopera-- 
tion with the Bureau of Plant Industry, Soils and Agricultural 
Engineering, and additional plantings are ebitcacs made in. the vicin- 
ALY ..of Yuma, Arizona, : . 


Field Studies i aN Rm Gere 
Experimental plots of canaigre, grown as a part of the. co- 


operative program with the Bureau of Plant Industry, .Soils and 
Agricultural Engineering at Lubbock, Texas and State College, New 


* a teat chit 
pie ners: Vesocaea': The plots at State 
, harvested after two years of growth, gave re- 
(1) various canaigre strains selected on a 
ae of eéod seats content, root yields, and the production of 
roots well shaped for commercial handling; (2) water requirements; ~~ 
ss (3). effect of different spacing obtained by thick planting of 
aah -canaigre seed followed by subsequent varying degrees of thinning. 


 Pilot-Plant Extraction studies 


Bete. A alain, process for the recovery of tannin extract from 

_ Canaigre roots has been developed which should give about 78 ver- 
cent ylelds, The process consists of adding sufficient water to 
dried, shredded roots to rehydrate them to about 30 percént moisture 
- anc allowing them to stand until they become limp and pliable, The © 
roots are then passed through a cemminuting machine and the cut é 
roots are extracted with hot waten in a countercurrent leaching 


me aaa continuous vress., The press liquor and one licuor 
_tnrough the screen are combined and returned to an adjacent cell 

_ toward the feed end of the extraction unit, The broken press cake. 
he veturned to its original dire: The ney RAPE ee from the fresh 


ah prepared from such fermented liquors are quite 
satisfactory, being high in tannin and having high purities, Since — 
_ the successful commercial » development of canaigre as a source of 
tannin may depend in part. on the economic utilization of its starch 
and sugar, it is important that the products obtained by the fermenta- 
tion of these materials be determined. Members of the Aerobacter 
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group usually produce chiefly carben dioxide, hydrogen, “2, jo bubane- af 
diol, acetoin and ethanol, This work is eerie ee ‘an 
: ee 
yt ae 
Sumac ae 


Drying Studies: Since it has been previously shown in these hn al 
studies that several domestic sumacs are equal or superior to that 
Inported from Sicily, additional studies were undertaxen to deter- 
pnine the effect of drying metnods on leather quality, During the | 

summer of 1946 large quantities of leaves and stems of Rhus glabra cs 
and R, typhina were collected and dried by various procedures, Nine Hy 
Sof each species of sumac were obtained, These were used in i Ra 
anning about 200 sheepskin skivers, The tanning and finishing of 
‘the leather have now been completed and a preliminary grading of | 
acs has been made, The results indicate that the method of 

does have some influence on leather quality. However, the 
iy. ata. are not woh couplete, f 
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no marked differences in properties, that can be apremerea: to species 
of sumac used, These results give further proof that domestic SuUMACS 
can be successfully, used as replacements for Sicilian sumac, 


Scrub Oak 


Analytical Studies: Further analytical studies of the tannin. 
content of scrub oak bark have been carried out, Since the pro-  ~ 
posed development of scrub oak vark contemplates the use of trees 


of very small diameter and also the limbs and branches as a@ source *"<'°” 


of bark, it is important that information be available concerning . 
the tannin content of bark from small trees and branches, and its => 
relation to the tannin content of bark from trees of larger diam ir 4 
eter, The average tannin contents of the barks from the various. 
tree parts were nov essentially different, indicating that bark 
taken from trees of small dizmeter and from tons of trunks and from 
limbs should be equelly as satisfactory, as ‘regards tannin content, 
as bark taken only from tree trunks, 


DEVELOPMENT OF COMBINATION VEGETABLE-ALUM AND OTHER TANNAGES 


Alun Retannage 


In connection with the leather research program of the Office 
of the Quartermaster General, collaborative work has been continued 
on the development of alum retannage of vegetable tanned leather to 
produce more serviceable insole leathers. By use of alum liquor - 
"masked" by sodium acetate, leathers have been made that contained 
more than three percent Alo0z and showed no shrinkage when boiled 
in water for more than three minutes, 


Tests have also demonstrated that the retannage can be accam- 
plished satisfactorily in "rocker" vats, The gentle motion of the 
leather in the "rockers" proved to be as effective in fixing the © 
required amount of Alo0z as was the more violent motion in tanning 
drums, The "rocker" tahnage has the advantages of (1) using 

easily available vats instead of tying up more costly tanning druns; 
(2) saving in power costs; and (3) eliminating the risk of grain 
damage resulting from the action of the drums, 


In the alum retanning process it has been found necessary, in 
order to obtain leather of the required Alj0 content, to use in. +. 
the tanning liquors more than twice the amount of A150 that is 
finally fixed in the leather. It would be. advantageous therefore 
to salvage, adjust, and reuse the spent liquors, A successful — 
system was developed which utilizes Egy 85% OL} es. aluminum added. . 


CHEMICAL aND PHYSICAL PROPERTIES OF COLLAGEN 


Electron Microscopic Studies of Collagen 


Through electron microscopy a beginning has been made in deter— 
mining the structure of collagen fibrils, which are the principal 
sub-microscopic constituents of skins, and the manner in which 


Seas 
are b, 


¢ 


La® ‘ 


Ne 


ow 
apy 


<0 : 
we 
4 ft 


» + 
+ 


lod 
; 


oa. 


iC) gam 


ie 

fi _ 
‘ m 

‘* at 


% 
a 


Owing to the inadequacy of present sectioning techniques, it 


= is necessary to prepare specimens for electron microscopic examina- 
tion from mechanically: disintegrated collagenous tissue, Disinte- 


gration by grinding, teasing, scraping, or the complex action of a 
Waring blendor has been effective, An aqueous suspending medium 
seems essential for complete dispersion, Specimens obtained by 
evaporating water from dispersed tissue usually have collagen 
fibrils as their most prominent component, but structural details 
are masked by accompanying smaller, formless particles not yet 
characterized, Separation of this debris from the collagen is 
accomplished by repeated differential centrifuging, Observations 
have been limited largely to the collagen because it is the prin- 
cipal protein of skin, it has a macromolecular structure discern- 
ible by electron optics and reliable correlative data are supplied 
by X-ray diffraction and by chemical analysis, 


Electron microscopic studies on shrinkage of collagen have 

been carried out, From present evidence, the shrinkage of collagen 
may be described as follows: Initially the units are orderly 
arrays of linearly’ extended collagen molecules, the striated fibrils, 
When plasticized by heat and water, the interactions maintaining the 
orderly structure are weakened and the natural contractile tendency 
of long, flexible molecules becomes predominant, shortening the 
fibril as a whole, 


; The shrinkage temperature is a useful index of the. resistance. 
of collagen to swelling by water or a water solution, In general, 
the shrinkage temperature is raised by tanning and lowered by pep- 

_tizing electrolytes and by protein degradation. 


‘The effect of sodium fluosilicate on collagen fibrils was 
determined because of its use as a preservative in the salt curing 


Be of hides, On treatment with 1 percent fluosilicate, the fibrils 


were Considerably swollen and frayed, as when treated with dilute 
acid, Substituting 10 vercent sodium chloride and 1 percent sodiun 
fluosilicate for the fluosilicate alone, the fibrils were nornal 


and the shrinkage temperature (measured in the solution) was 67°, 


even though the pH was 3,6, Evidently the swelling effect of low 
pH was just offset by the deswelling effect of the sodiun chloride, 
The fluosilicate ion itself apparently has no deleterious effect on 
the collagen fibrils, 
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RESEARCH aND MaRKETING aCT PROJECTS 


Projects assigned to the Eastern Regional Research Laboratory 
under Title I, Section 10 (a) of this appropriation include the. 
following: 


RMA-113, Disposal of dairy wastes. 


FMA-125, New and improved uses of deciduous fruits, especial- 
ly to prevent waste, 


RMA-129, Investigations of tanning and development of new ’ 
tanning materials, 


RMA-132, Procéssing Nicotiana rustica as a source of nicotine. 


RMA-166, Conversion of potatoes to more stable forms and prod- 
ucts, and new methods of using potatoes for feeds und 
non-food uses, 


RMA-200, Utilization of wool grease and other wool byproducts, 


Since funds were not available until the last two months of 1947, 
most of the effort so far (January) has been. concerned with recruit— 
ment of versonnel, literature surveys, purchase of necessary special 
equipsent, conferences with cooperating groups, and other steps neces-— 
sary for the initiation of experinental work, Although the profession- 
al recruitment problen is difficult, considerable Progress is being 
made, and it is anticivated that within the next few months the addition-— 
21 staffing will be completed, The projects on potatoes, tobacco and 
tanning materials involve pilot plant scale studies at the outset, 
Rapid progress is being nade in the design of these experinental 
engineering units nd in the procurenent of necessary equipment, 


_ ee 


NORTHERN REGIONAL RESFARCH LABORATORY 
G.-Be Hilbert, Director 


AGRICULTURAL RESIDUES UTILIZATION INVESTIGAT TONS 
COMPOSITION AS AFFECTED BY RAW MATEKIAL PROCESSING AND STORAGE 


The whole program of industrial utilization of agricultural 
residues depends first on low cost, simple and efficient methods 
of collecting and storing them. Real progress-has: been made in 
the collection and storage of wheat straw, as the result of two 
meetings held at the Laboratory in 1947 between members of the 
farm equipment and-strawboa rd industries, together with the 
Fibrous Agricultural Residues Committee of TAPPI and the Crop 
Residues Committee of A.SeA.E. Many of the one-man pick-up 
balers as generally operated do not produce a sufficiently dense 
bale to withstand transportation and storage. When properly 
operated some of these machines can produce a bale of 9.5 lbs/cu. 
ft., which is desired. An educational program is underway by the 
two industries to teach operators how to bale straw correctly. 

In addition, a number of the equipment companies have undertaken 
to improve their machines for baling straw. By bringing the 
industrial men together a mutual interest and understanding of 
this important problem has resulted. 


A cooperative project to develop chemical treatment of the 
top bales of straw ricks to reduce decomposition of straw in 
mill yards is under way by seven strawboard and seven chemical 
companies, the Fibrous agricultural Residues Committee of TAPPI, 
and the Laboratory. Preliminary results are promising. Results 
will be correlated by the Laboratory after the bales have been in 
. Storage for one year. 


A moisture meter which accurately measures the moisture in 
baled straw has been developed cooperatively by the Laboratory, 
the TAPPI committee, and an instrument manufacturer. This instru- 
ment should be satisfactory also for determining the moisture con- 
tent of baled hay. 


ALCOHOL AND OTHER LIQUID FUELS 
Synthetic Liquid Fuels Investigations 


The research work under the Bureau's Synthetic Liquid Fuels 
Project is closely coordinated with thet of the Northern Laboratorye 
The process for hydrolyzing agricultural residues to sugars for cm- 
version into liquid fuels basical ly consists of converting one of 
the fractio ns of agricultural residues, pentosans, to pentose sugars 
and, subsequently, converting the cellulose fraction to dextrose. 

The pentos sugars may be fermented to the liquid fuels butanol, 
acetone, isopropanol, and ethanol, or they ma y be converted to fur- 
fural. The dextrose, of course, may be fermented to the liquid fuel 
ethanol. . ’ 
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A semi-works plant for studying this process has been in 
operation for about one year. Approximately 400,000 pounds of cobs 
have been processed. One hundred runs of 4,000 pounds of cobs each 
have indicated tha t pentosans in corncobs may be hydrolyzed in F3— 
percent yields to conversion products, 87 percent of the pentosans 
being converted to pentose sugars and 6 percent to furfural. Since 
cobs contain about 32-percent pentosans, a little more than 600 
pounds of pentose sugars may be produced from one ton of dry cobs. 
These methods of producing pentose sugars are presently being used 
by two industrial concerns. One concern is producing crystalline 
pentose sugars on a small sca le, and the other is investigating the 
production of both pentose sugars and dextrose from corncobs. The 
second step in the semi-w orks pla nt for converting cellulose to 
dextrose is now under study. 


The Butancl Fermentation of Pentosan Hydrolysates 


‘! In the fermentation of pentosan hydrolysis liquors to butanol, 
acetone, and ctnenol, considerable simplification of the fermentation 
mash and procedure has been made by the Laboratory. Control of the 
initial oxidation-redustion potentia 1 of the medium to insure anaero- 
bic conditims has proved nacessary for satisfactory fermentations. 
Copper, resulting from mild corrosion cf the hydrolysis equipment, 
and at least one other unidentified toxic factor, are present in 
the pentosann hydroivsates and deleteriously affect the multiplica- 
tion of organisms. Substances beneficial and essential to the fer- 
mentation are aiso, present. Rsmeval of tiie toxio principles alone 

from the liquors prior to vermenvation has been found possible by 
adequate pretreatment of the hydrolysis liquors with iron powder. 

By eliminating wnnecessary chemicals, the cpst of chemicals required 
to supplement the pentosan hydrolysate liquors has been reduced from 
2.43 cents to ©;355 cents per pound of mixed solvents produced. An 
economical and practizal procedure to remove only the deleterious 
substances is now being developed. 


An industria 1 butanol fermentation company has evidenced 
considerable interest in the: process and will shortly test it in 
their plant. 


Motor Testing of Synthetic Liquid Fuels 


(See "Alcchol and Other. Liquid Fuels" under the report "Corn, 


PLASTICS, ELASTOMERS,AND RESINS 


A study of methods and costs of grinding nut hulls and nut 
shells, corncobs, and. certain other residues’.for use as fillers in 
plastics,as soft-grit. blasting materials, abrasive and polishing 
.materials is we’l under way. Many of the nut hull and nut shell 
flours appear suitabie as fillers in phenol, formaldehyde plastics. 
The flovrs also-appear useful as extenders in plywood adhesives, 
lowering the cost of such adhesives 25 to 30 percent. , Lignin 
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obtaine d from the process of saccharifying corncobs makes 4 
good extender for such adhesives. Conditions have also been 
found :for its use in ma king phenolic-aldehyde plastics. 


SYNTHETIC ORGANIC CHEMICALS AND INTERMEDIATES 


Chemicals from Furfural 

A number of rubber and plastic manufacturing companies ha ve 
reported that 1-5 pentanediol, for which the Laboratory developed 
a synthesis, has good qualities for preparing linear polyesters of 
high molecular weight as well as for plasticizing vinyl polymers. 
Another compound, delta-valerolactone, synthesized by the Laboratory 
is reported by & large manufacturer of resins to show promise of 
industrial usc. 


A prominent dmg manufacturer ha s applied for license under 
the Laboratory's U. S. Patent 2,424,184 for the manuf: cture of 
Novel alcohol from furfural. This ‘alcohol is an important inter- 
mediate in the manufacture of antiemalerial drugs. 


yjork ha s been completed on the synthesis of various deriva- 
tives of 4,4'dichlorodibutyl ether. They may be useful as plasti- 
cizerss Samples of several he.ve been distributed to interested 
companies. By stepwise hydrogenctio of furfural-acetonefurene, 
which may be obtained in75 percent yield from furfural, three 
new compounds have been obtained: furylebeta-furylethyl ketone, 
1,3-difuryl-propunol-1, and 1,3-ditetrahydro furylpropanol-l. 
The last:compound is of interest beéause like "Fealcohol" (used 
by the Germans), it has a high boiling point, and is not only 
completely soluble in water but also soluble in many organic 
liquids. ; : 


Considerable attention has becn devoted to developing a 
process for crystallizing xylose from the pentosan hydrolysate 
of corncobs. A large number of samples of xylose have been 
distributed. Several individuals and agencies are interested in 
studying the pharmacological and physiological action of xylose. 
A sma 11 company in Colorado is manufi.cturing good crystalline 


xylose from cobs. 
STRUCTURE AND OTHER BASIC INVEST ITATIONS 
The Structure and Synthesis of Gymnosperm Lignin 


For 70 years themists have sought to determine the structure 
of lignin. Dr. Alfred Russell, an authority on the chemistry of 
tannins, joined the Laboratory staff early in 1947 to under- 
take the lignin problem. From © consideration of the known de- 
graddtion products of lignin, Dr. Russell in a few months reached 
the conclusion by brilliant inductive reasoning that gymnosperm 
lignin is a poly-8-methoxydihydrobenzopyrene, a relatively simple 
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structure; closely rclatcd to that of the tannins, flavone at, 
flavonones, and flavanols, important plant pigments. Following — 
this, gymnosperm lignin was synthesizec from vanillin monoacetate 
by the Frics rearrangement. Quantitative comparison has been 
made by analysis and analysis of derivatives, together with X-ray 
and absorption spectra, The naturel and synthetic lignin scem 
incscapably identical, Analogous lignin-like products have been 
produced by the same methods starting with ortho and with para 
hydroxy benzaldchyde, 


CELLULOSE PULPS FOR PAPER AID BOARD 2a: JUPACTURE 


The strawboard industry is avake to the necessity of improving 
the quality of 9-point corrugating board, They ere supporting 
the Laboratory's worl and are looking generally to it for hclp. 
Publications have been issucd on the new process for cooking 
strawboard pulp by the use of neutral sodium sulfite and lime. 
A large number of the milis are working with this process in 
their operations, 


Studies on the comparison of the physical propertics of straw 
pulps for fine papers and a variety of commercial wood pulps..show 
that, with the exception of tearing strength, straw pulp is stronger 
than hardwood soda and equal to oe sulfite pulps, aA study 

of the verious methods of: pulping wood as applied to wheat straw 
shows that only ailzaline cooking eae tates arc suitable for straw. 
The Laboratory's new process for »nroducing ‘fine paper pulps from 
wheat straw in screened, bleached yields of 50 percent based on 
dry straw has been reported. By comparison, yiclds of about 40 
percent had been obtained heretofore, A numbcor of paper mills 

are becoming genuinely intcrested in the process, The shortage 
and increasing cost of pulpwood is causing a changed vicwpoint 

in the paper industry, 


BUILDING AND CONSTRUCTION :iATSRIALS 


e first_two papers on the Punsanenes, rela Gepetay oF 
fue vaerieulturan residues to the manufacture of insulating 


building boa ird are in course of publication, ‘These wilt be 
followed by a publication on the proccss for manufacturing 
exceptionally high quality insulating board from wheat straw, 
a which process there is some industrial interest. The lLab- 

ratory's fundamental ivork has showm, praca! ee ee wheat 
ae is superior to cornstelks and probably to bagasse for 
making building materials. Four hundred 3! x3! box ee 
are being made from ivheat straw for compluting, with a 


manufacturer of wircbound boxes, a pastk “Study on,tnc,use of 
a special type of boa ra for such usc, . Tho. Study involves 


& great deal of testing work in the industrial box-tes ting 
laboratory. 


i 


CORN, WIGAT, AND OTB CERBAL CROPS UTILIZATION INvESTIGATTONS 


COLIPOSTTION AS AFFECTED BY VARIETY, DRBLDING, BIVINOM.BNT, AND LATURITY 


Oil Content of Corn (as Influcnced. by icredity 


Additional analyses of both single’ crosses and pure inbred lines 
have confirmed the influence of heredity on tie o21 content of corn 
and have furnished ™informuction on the classification of present avail~ 
able inbred lines with respect to their ability to increese the oil 
content when used in crosses. in close collaboration with Experi-g 
ment Station ee ee about ©°) samples of corn nave been analyzed 
to furnish these agronomists with information on their progress in 
breeding for high oil contents, Apour 4,00 of these samples came from 
‘Indiana, 340-from Illinois, cand the romainacr from Ohio 


Comparison of Corn Starches at Various Stages of Kerncl Maturity 


een te oe 


Lament: anesthe grain of 3 Gorn varietics, Towa 939 hybrid dent, 
lowax 1 hybrid wa:nr dent, and Uclaen Cross Vantam sweet was studied 
at 5 stages from 12 days after pollination to full naturity. Over 
this period the starch increased from 10 to 55 percent of the grain 
aes basis) in the waxy and non-waxy dent and from 5 to 26 percent 

the sweet corna Ren ne stareh ¢ranule aiane ters increased from 
2, v7 to-9.9, 3.0 to °.1, and 1.5 to 3.5 micron in the Gent, wary, and 
sweet varieties, r snectively. later binding canacity of the starch 
decreased 50 percent by maturity. The amylose content of the non-waxy 
starch at maturity was about douvle the early values. the most rapid 
changes in starch »roperties occurred during the first 55 days after 
pollination, 


ALSUEOL AND OTHER LIQUID FULLS 


Single-Cyiinder Engine Tests on siotor fuels 
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Preliminary Nigar oan on the effect of supercuarsing on absolute 
ethyl alcohol nave been completed in a sin; e-cylinder test engine, 
Under these conditions alcohol is equivalent to a high octane fuel. 
Since many recentlr discovered domestic and foreign petroleun fields 
produce high sulfur crudes, the problem of sulfur in gasoline is ~ 
becoming acute. The presence of sulfur lowers the effectiveness of 
tetraethyi lead in raising the octane number, and differences in 
octane mumbers between the same base gasoline with and without sul- 
fur may amount to four or more units Cenending on the sulfur compounds 
encountered, Studies with alcohol blends so far have indicated that 
the type of sulfur compound as well as the amount are.important, and 
it apnears that in some cases ethanol may part: bay! Nneutralize" the 
detrimental effect of sulfur while in others no siznificant difference 
was observed, The liguid-vapor equilibrium of cthanol-isooctane 
systems has been measured with hich precision at 25° and 50° ©, 
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Multi-Cylinder Engine Tests on liotor Fuels 


‘Performance of a Chevrolet engine using blends containing from 
5 to 20 percent alcohol showed that little or no chance was needed 
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in the engine to efficiently use the 5 percent blend, and 10 and 

15 percent blends could be used satists ctorily by changing car-= 
burctor jets to the standard comicretal rich jets, iigh compression 
(93 tie once engines are being Cesigned for Mroure automotive use, 


Such an engine requ: nigh octane fuel (90 or over), but-a 20 per—- 
cent alcohol blend aith regular gasoline gives Satisfactory per= 
formance, Preliminary studies have show great promise in the use 


of alcohol-water by injection and these studies are being actively 
continued under a Research and warketing Act projecte 


rungal Amylase by Submerged Culture 
a et OL See UTS 


The vield of alcohol from the fermentation of corn mashes 
ified with mold culture filtrates appears to correlate more 
j 2e 


closchy with the maltase than with the an~anylase activities of 

fungal enzyme prevarations, By Slightly nodifvine the media for- 

merly used, the naltase activities were increased, The use of such 
4 3 
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high potency fungal enzyme preparations hs a substantial 
reduction, in the amount required to saccharify the corn mash and 
Stitl sive rae Sa1e yield of alcohol seeaie fermentation with 
yeast. hen equal quantitios of onzync apc tae ons were used, . 
higher yield of aicoiol resulted from the use of the prenaration 
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beveral distilleries are now investigatin;, the use of sub— 
merged fungal enzymes as saccharitying agents, «A report from one 
or thom on the use of Aspergillus niger NitL-337 appeared in Ind, 
Eng. Chem. (1947) 39, IST5, Inercasod yiclds of alcohol from the 
Set i Sa of corn mashes saccharified with funcsal enzymes over 
alt controls were Consistently obtained, thus confirming our 


2. gets) traksteS 2 ad cca 
bude findings. 


PIBERS, FILS, PROTECTIVE cc ATI.G3, 4: ADHESIVES 


The Laboratomr's work on the c 
C 


from’ zein has sti:mulated the 

panies, Cne company has initi 

aS of January 1948 y this commany is menufac S BPEE Suna he Ly 

pouncs of zein fiber daily, and plens t easc this amount 

ny times. The fibar made by this somber npcans GO De uscru. 
I fo) 


wet spinning of fibers 
Sscveral comercial com— 
Lve Worcs om nts fiber, 
* 
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for biending with wool, rayon, cellulose acetate, nylon, and cotton 
fibers. 


Le . af - F re 1 e 7 a) 
eparation of zein fibor saQaVe DeCn made 


improvements in the prepax > 
test importance was the Sie of a 
& 


by the Laboratory, -Of ere 


nev ae tie for treatment which vormits omission of the a etylating 
treatment and which gives a fiber naving excellent resistance to iool 
dares onditions, Results show a fiber with a str Stn of 1,4 grams 
por denier, dry, and 0.7 crens ver acnicr, Wev, nd: a) ae ate of 


“ 
10 percent or less after the severe cond ee of acid-dycing, 


OuieBliC ORGANIC CHEMICALS AND INTERUEDTATES 


Acetal Derivatives of Doztrose 


V2 


Following the -studics on the ? -ormald icizxyde derivatives of dcox- 
trose, attention has been given to the preparation and propervics 
of the higher acetals ofsdextrose and gluconic acid, Nconobutyli- 
dene glucose, dibutylidene «zlucose Bo es tribut;lidens, and 
tri-Lsob vty lidenc sor’ i, and the triketals of. cluconic acid, 
sorbitol, and glucose with cxvclohexanonc have »e G 
Most of tho derivatives are colorless, viscous 1 
' 


a. 
substances having low vanor vressures and good shan Svabll tir. 
Cc a) 


Sh ey ee, A Pe Peas tag (Yeager MB Deen . La ; Pe et Me on < 
tncy arc soluble ain the common organic solvents anc insoluble i 

A ae i ae ck Bre ay See fT at ess et oh Bis p Sea es 4 pi gt Apag 

watere ithe »vroducts arc being investigated Fee US 2S YiasvicizZers, 
iene he imam ot aoa +e ’ * 

Joxtrose Conaensation Product 


A new method nas been discovered for the »roparation of allyl 

giucosides from alcohols and dextrose, employing. boron trifinonide 

iS 2 cataiyst, Urystelline 1 Seis glucoside in 00 porcent yield 
was obtained frem the mixture of tue a= and Beisoncrs, The methyl 
glucosices of the ciseccharides, imoltose and Lactose, have also 


6) 
Ne aan estar) ier delat ek) bay 1 hs feiss ty ae ra aie 
been preparca ircctiy Dy this metiiod. An off icitent means for Scpa-= 


rating the isomeric disaccharide clucosides’ would be particularly 
is Bake Be es Ws Peete) a pe Salar Sr ee a 3 
walunclosbocause sof the diffichity tn orepsrins “the: a-flucosides. 
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Starch Esters 
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APOMa Gre isoc Cy anates Wisco oo ve le Cea; aN tg DOCOMG AVALLAa 

Lanin oy Pg ieee 4 5 Ais ya ee | es ne eS ae Te iy z, 1 
industrially have been found to react readily with starch and its 
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s os, 78 sat wes : ee eae eRe igs bog 9 VENA ek Sf se i wat oy Ba 
fractions Without voretreatment of the starch, iC wr-carbani lates 
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are icvorotatory in wyrridine sclution, and a sicnificant difference 

in. rotation. is: shom DSDeteenthe Minear and none tinady starch Iractions, 
Storch. tricarvanilate is the first ester fourid that can te scparated 
into. linear and non—lLincar fractions by organic solvents’. Partial 
OStOris cations wi th Sein etional isocyanates can be controlled to 
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sive starch oroducts Ohhh er totally or partially resistant -to boil- 
og 


lee . a t Ad of.” im se os Inde) vy > - + tay, 
Lng Water. Uscs) for) tice: pr ‘oducts aro boing sought as Water-resistant 
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NEV AD TMPROVED “EED OR FOOD PRODUCTS 
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Work has becn continued on the production of ribuflav 
the bya gossypii, 


min Eo or G) by Termentation with the ascomycete Ashby 
With promising results. in the pilot. .plent, studics have been made 


to uctcrmine the optimum concitions for sterilization of the medium 
to be fermented. iimpcrimcnts cre /noiw ooo conducted to determine 
the optimm rate of aeration and the optimum composition of the 
fermentation mediune 


{This strobic formonteation is onc lucted in an inexpensive mediun 
C 


of 2 parccnt glucose, C.75 SoH: ei i Of corn svecp watcr’ solids 


ial 


and animal stick liquor (a byproduct of wot rendering), oo 

mecium, adjusted to p: 5,5, is steril zed, cooled anc inoculated 
with a day~olid Zigquid culture of asibya GOSSypLis Sterile air 
is supplicd atc rate of 1/4 to 1/2 volumes per volume of med 
per minute. Fernentations are complete in 72 hours anc Diets : of 
400 micrograms of riboflavin vor ml. of fermented liquor have been 
ootained frequently in cane en batehes, The lignestayi pnae 


I 
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obtained so far has becn 526 micrograms,  3ccause the condi 
of operation have been varied the results have varied consid 


This fermentation »sroccss has attracted iride industrial interest, 
veoveral companies are conducting pilct plant investigations, and one 
other has engazed chemical Seinen ae counsel for plant design and 
ercction, 


ATRACTION, RECOVEN”, AND PROPERTIES OF SPECIFIC CAPBOI ‘YDRATES, 
OILS AND PROTEINS 
Wet Litlling of Damaged Corn 
Mit oases aie! a) Maren neaebe dh ces ki ana 
The amount of free sulfur dioxide in the stcepvater on samples 

of sound and damaged corn was determined at intervals throughout 
the steeping PFOCcSS, in confirmation of our carlier “indings on 
the beneficial effect of inercased sulfur dioxide in the steeping 
of damaged corn, it was found that damaged corn took up more sulfur 
dioxide than sound corn, Further work on the reaction between 
damaged corn constituents and sulfur dioxide is required to establish 
the best et as for procossing such corn, 


Because of the development of verietics that cen be narvested 
with the combine, grain sorghum has become ana eae crop in 


the Southwest, and the Corn Products RoPinin @ Coinpany s building a 
plent at Corpus Christi, Texas, capable of Wetenillins 20,000 pushels 
= sorghum per day. The company has requosted the oid and cooperation 


this Laborator;; in solving some of the probloms encountered in 
Re procesSing of grain sorghum, 


When the 1 et Guimaras of waxy crain sorshuin was boinc studied 


fe 
at this Laboratory four vears ago for the production of starch dur- 
Eng the ian, 11 Tas found tuat the color-bearing layer and hull of 
the kernel must be removed to insure the production of "white" starch, 
The cleaning was eccomplished by vessine the grain through a barley 
pearling machine, The resultins: Ndohulled" or "peor lod erain trace 
tion could be wetemilled with ease and tino quality of “the prodse Ss 
extracted from it was LYPLO VEC 

Grain Sorgnun, typical of that Bron in te obs eee fe 
obtained for test nurnoses, Fart of the Grain wWasvset aside: to 
be processed without pre liminar; troatment: the nemeéinder-ias 
pearled to remove the hulls, In this lattcr o Dcration about o3 
perecnt of the grain was recovered as delmwliod sor; hunvand 17 
percent was removed as hulls, ‘the Waxy material wes extracted 


from the hulls and it was determined that approximately 1/3 pound 
of purificd wax can be obtained from the hulls which are removed _ 
from cach 100 pounds of grain. 


Tests have been conducted on a laboratory scale on the wet=- 
milling of the whole grain as compared with the processing of the 
dchulled or pearled sorghum, All tests were performed under iden- 
tical oporating conditions, It was found that the pearled grain is 
more casily processed and yields much more starch of better quality. 
Furthermore, the waxy material, similar to carnauba wax, can be cx= 
tracted from the hulls that are removed during the pearling operation. 


Whole grain was wet-milled in a series of cxperiments in which 
the concentration of sulfur dioxide in the stecpwater at the begin- 
ning of the steeping period was vearicd from 0.10 to 0.25 grams per 
100 ccs Only minor differences in processing worc noticeable. 

Since 2a concentration of-sulfur dioxide as high as 0.25 grams per 

100 cc. of stecpwater did not materially damage the starch, a series 
of runs was conducted in which this concentration of sulfur dioxide 
was used in all tests and the steeping temperature was varied from 
110° F, to 150° F,. A marked decrease in starch recovery and viscosity 
resulted from an increase in steeping temperatures, Although optimum 
steeping conditions for wet milling crain sorghums undoubtedly vary 
slightly with the variety of grain being processéd, data, have been 
obtained which indicate that the concentration! of sulfur dioxide in 
the steepwater should be approximately 0.20 to 0.25 srams per 100 cc., 
and the grain should be steeped for a period of 48 to 72 hours at a 
temperature of 110° F, to 118° F, 


Production of Undevitalized ihheat Gluten 


In an effort to find an improved commercial method for removing 
water from doughy wheat gluten so that a dry undenatured product could 
be produced more economically, several procedures have been investigated. 
The most promising of these include (a) the extrusion of a thin film of 
wet gluten into a drying tunnel, (b) the extraction of water from wet 
gluten with acetone, and (c) the drum drying of an ethanol dispersion 
of wet gluten. 


The dried products obtained by using these procedures were com=- 
pared with costly present-day comercial gum gluten which is made 
by drying small pieces of wet gluten.in vacuum tray driers. In 
this comparison two tests were conducted, One was based on the 
capability of the dried product to be reconstituted into a dough 
when rewet with water, The other, a chemical test, was based on 
the amount of protein in the dried gluten which could be solubilized 
in acetic acid, As measured by the above tests, all three methods 
gave underiatured gluten. 


Since the largest use of undenatured gluten would probably occur 
in the fortification of low-protein flours, it was deemed advisable 


ni a actical bakj tests, , Through the 
aa ue ies ni Experinent Station at the Horth Dakota 


Agricultural College, blends of starch and dried glutens as well as 


aeRn 


blends of low-protein flour and dried glutens were subjected to 
baking tests in their laboratories, Also samples of commercial 
gum glutens and a standard gluten prepared in the laboratory by 
officials of the experiment station were tested. 


The baking tests revealed that commercial gum glutens and 
those glutens eiNeeeh br our drying’ procedures are unsuitable 
for the preparation of synthetic baking mixes which are comprised 
of blends of wheat starch and dried undenatured wheat gluten, The 
fortification of low-protein flours with gum gluten appears imprac- 
tical, since no appreciable increase in dough strength or bread 
loaf vain can be detected when the protein content of flour is 
increased from 11 to 13.5 percent cven by the addition of undenatured 
gluten of the highest quality (North Dakota Experiment Station 
standard gluten). 


Comparative Study of Starches from Various Seeds and Stems 

The search for starches of unusual type and properties has been 
continued. Starch was Separated from 12 species of plants representing 
9 botanical families, Starch of horsechestnut, oak, buckitheat, rice, 
sorghum, mung ’bean, ficld pea, canna, iris, a: asheony yautia, and sago 
were included. Gel characteristics and paste clarity could not be 
correlated with the source of the starch, The amylose content ranged 
from about 11 percent in yautia starch to 35 percent in ficld pea 
starch. No strikingly unusual starches vere found, and the differences 
noted indicated that the factors of botanical source and site of depo- 
sition were not the most important inflvences on the character of the 
starches. 


Water Absorption Studics on Starch and Its Constituents 


An apparatus for measuring the surface area of solid starch 
eranules (B.E.T. method) has been constructed and used on a single 
sample of dry corn starch. The surface area for nitrogen gas sorp- 
tion was found to be surprisingly lov, 0.83 square meter per gram. 
This is about one-half the area noperued for naper or cotton fibers, 
Several methods of measuring the specific sravity of starch at vari- 
ous degrees of hydration were investigated but none was found suf- 
ficiently accurate to be satisfactory. .ilicroscopic measurements of 
linear dimensions of single granules (onc sariple) exposed to atmos- 
pheres of controlled but, variable humidity were accurate and showed 
an increase of 9 percent in linear dimension in going from a dry to 
a water-saturated atmosphere., Between 7 and 24 percent rclative 
humidity atmospheres, starch increases only 1.05 percent in volume 
compared with 1,60 percent calculated. The differcnce represents 
water entering existing pore volumes of the granule. ‘these pore 
volumes, hoicver are not available to nitrogen gas as shoim by 
adsorption isotherms so that there is evidence for a skin around the 
-eranule which is impervious to nitrogen, but permeable to water vapor. 


. 


Starch Hydrolysis--The Action of Cereal Amylescs on the Amylose- 
Fatty Acid Complex 


The incomplete conversion of starch to suger and the incomplete 
solubilization of starch sizes are factors of practical significance 
in the fermentation and textile industries, The: fat in commercial 
corn starch is sufficient to scparate about 5 percent of the weight 
of the sterch as the amyloso-fatty acid complex, Initial results 
have shown that under conditions that rwvould give complete starch 
solubilization the fatty acid complex is but half destroyed. 


Degradation of Amylose by a-Amylase 


Conditions and methods have been developed for the controlicd 
degradation of amylose in 4 percont solutions by pure aeomylasc 
without interference by amylose’ retrogradation, The method has 
been found applicable to & percent suspensions of corn amy Lopectin. 

The method is being applied to the investigation of the specific 
action of this cnzyme on amylose and amylopectin as reiated to the 
sndustricl utilization of starch and the preparation of polysaccharides 
of definite molecular sizc, 7 


CHEIIICALS. DERIVED FROM FERMENTATION 
Polymyxin 


Tho first report of the isolation of the ncw antibiotic "pnoly= 
myxin" from Bacillus polymyxa issucd from this Laboratory in April 
1947. Since that timc, publications from the Amcrican Cyanamid Com- 
pany and the Jcllcome Physiological Research Laboratcrics in England 
deseribe independent discovery of the same antibiotic, Joint efforts 
have so far revealed that’ polymyxin (1) can be prepared in quantity and 
jn form for clinical usc, (2) is a basic polypeptide, (3) is rela- 
tively non-toxic, and (4) is highly active in vitro against the gram- 
negative organisms causing typhoid, plaguc, one type of pneumonia, 
brucellosis, tularemia, whoopingcough, ctce 


In this Laboratory a superior plate assay method has been 
designed for the cstimation of polymyxin using Brucella bronchiscp- 
tica as the test organism. Studics on the composition of the 
culture liquor have shorm that the expensive yeast extract origin- 
ally used can be replaced by much cheaper protein sources, with con- 
siderable inercase in yield in some cascs, ‘.odification of strains 
of Bacillus polymyxa hes yielded new forms that produce five times 
as mich polymyxin as the best original strain. Polymyxin hyaro- 
chloride hes been prevared in sufficient quantity for tests at the 
ational. Institute of Health on cxperimental animals infected with 
undulant fever organisms, Over 2 dozen inquiries conc rning poly- 
myxin have been received from various pharmaceutical houses and 
universities, and sub-cultures of the B. polymyxea organism and 
polymyxin hydrochloride standard heve been supplied to these 
interested particS. 
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Utilization of Bionic Acids 


Tho largo-scale fermentation of lactose and maltose by 


mpaiy is now conducting fecding experiments ond investigating the 


The convenient preparation of these acids on a large scale is in- 
tricuing, and together with their saits they may be expected to find 


some application in pharmaceuticals as well as in the food industry. 


Other Chemicals and Develooments 
i 


The production of citric acid in submerged culture and the fer- 
mentation resulting in a-ketoglutaric acid are being studied inten- 
sively. in the last tivo years an active part has been taken in a 
collaborative malt program designed to elucidate the inportant enzyme 
components in malt and to study their measurement. Extending the 
work mentioned in last year's report regarding tlie vitamin content 
of grain sorghum, it has been found, with the help of several sears = 
ment Stations, that the niacin content of corn is also genetically 
controlled and, to a certain degree, may be altered by planned 


hybridization. 
SOYBEANS AND OTHER OILSEED CROFS UTILIZATION INVESTIGATIONS 


COMPOSITION AS AFFECTED BY VARIETY, BREEDING, ENVIRONMENT, AND MATURITY 


Composition of Various Cilseeds 
SS TLS al teeter nase ae 2 rad annie. eine 


123 oilseed samples were analyzed, These comprise 91 sunflowers, 26 
castor beans, 4 perilla, and leach sesame and rape. It was found 
that cround castor beais quickly developed free fatty acids which 
interfered with the subsequent analysis of the oil so that immediate 
oil extraction was necessary after grinding the castor bean seed. 
Castor bean acreage is rapidly increasing in Illinois, and sunflower 
“acreave is: being shifted towards the south to obtain more favorable 
growing conditions. 


In cooperation with the Illinois Agricultural Experiment Station, 


Analysis of Oils 


Further work on the composition of oils using the thiocyanogen 

and alkali con'jugation methods of analysis has been carried out in 
collaboration with groups from the American Oil Chemists! Society. 
The alkali-conjugation of oils followed by spectrophotometric exami- 
nation has given good results in collaborative tests but requires 
additional calibration for high accuracy, The thiocyanogen method, 
in spite of much investigation, is still not satisfactory for routine 
use because of the lack of reproducibility. lvidence has been ob- 
tained that variations in the reagent preparation are responsible for 
the erratic results frequently obtained, 
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PLASTICS, ELASTOMERS, AND RESIN 


Norclac 
The development..of a process to produce synthetic resin, 
Norelac, by the chemical modification of soybean oil has been 
previously reported, Evaluation of Norelac has progressed through 
the pilot plant. and semi-cormercial stages, On July dy L947; an 
industrial company began full-scale production in a new plant 
having a capacity of 100,000 pounds of finished resins per month. 
Noreclac is used primarily as a heat-sealing agent for scaling 
various packaging matcrials. 


FIBERS, FIUiS, PROTECTIVE COATINGS, AND ADHESIVES 
New Vegetable Adhesives 


This Laboratory has been studying the preparation of an 
unusual vegetable material obtained from an aqueous cxtract of 
soybean meal, It was first isolated from alcoholic extracted 
flakes. This gel is suitable for whips and meringues, but it also 
possesses some of the characteristics of ogg albumen, “lt gives a 
heat irreversible gol and possesses uncommon adhesive characteristics. 
Since its adhesive characteristics are unusual, an attempt was made 
to prepare a similar product from hexane-extracted flakes, Commercial 
hexane flakes were extracted with alcohol, the resultant product 
extracted with water, and the extract spray-dried to give the adhesive 
product. Although its flavor is not as good as the aqueous extract 
of alcohol-oxtractcd flakes, its adhesive characteristics are almost 
identical. A process for pilot plant work has been devised to explore 
the manufacture of this adhesive. A cooperative agreement with an 
interested industrial company has been made to put the process into 
operation. The adhesive appears to be adapted to a wide varicty of 
uses including sealing of cork to metal, paper to metal, remoistening 
and heat-sealing adhesives, as well as certain food uscs where its 
flavor is partly masked, : 


Soybean Adhcsive for Shotgun Shell Casings 


The developnent by the Laboratory of a soybean protein adhesive 
for use in the manufacture of shotgun shell casings was reported 
last year. In cooperation with the Laboratory a large manufacturer 
of cartridges conducted full-scale plant trials to cvaluate this 
adhesive and a large number of experimental shells were made for 
testing, Aging tests and shooting trials showed that these shells 
were equal or superior to those that the company had manufac tured 
previously, Actual commercial use’ by this company of soybean protcin 
adhesive was initiated in May 1947, and it is ostimated that this 
adhesive has been used in about half of all the shotgun shells made 
Since last summer, 


Conjugation of Oils by Chemical Treatment 


last year a new process for the isomerization of vegetable oils 
was reported bricfly, This process is the treatment of the oil with 
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tertiarybutyl hypochlorite (T0C1), and subsequent dehydro- 

ha .logenation of the treated oil, TOC1 introduces approximately 1 
equivalent of chlorine into the fat acid chain per mole of TOC1: 
Six tenths equivalent of this chlorine is very active and easily 
removed by treatment with stcam oe 150° C., 0.2 cavivalent is less 
active but can be removed by somewhat More» vigorous treatment, and 
the final 0.2 equivalent is very inert and difficuit 4 to remove. 

ee Se reports have been received on the utilization of this 
material for linoleum, varnishes, and paint oil extenders 


NEW AND IMPROVED FEED OR FOOD PRODUCTS 


S 


Flavor Stability of Soybean Oil 
ab Brad i achat ana tas cal bas ee Seche ne cata 


2searcii on suitable additives for deodorization of soybean 

oil has been extended to include now materials such as tartaric, 
tricarbyllic, and other Oly transi. acids, and sorbitol and _ 
other alcohols, One function of these compounds is the inactiva- 
cots of trace metals as catalysts for oxidation, The addition of 
0.3 to 3 parts por million of iron as ferric chloride or ferric stear= 
ate increases the rate of autoxidation of feats and this effect can 
be partially to ae abi a Stopped by the addition of 0.001. to 0.1 
percenn wl ici TuEcn xt bax penta and other acids, and sorbitol and other 
polyhydric adlogHarats Commercial tests with citric acid have been 
conducted by formal cooperation with Armour and Company end through 
informal cooperation with another company. Sorpditol has been tested 
on a commercial scale with one company. ceoding to the analysis 
conducted with the Laborat tory's taste panel, the flavor of the 
treated oils prior to aging was equal to or better than that of 

the untreated oils; they Were wae? more stable to both accelerated 
and room-temperature aging. The companies cooperating on the use 

of citric acid checked the aescaioie analysis with their own 
taste panel. 
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The techniques of organoleptic evaluation are being studicd and 
evaluated, The Laboratory" S present techniques are not completely 
satisfactory but the placement of the collection of organoleptic data 
from oils on a sound scicntific and statistical basis has becn achieved, 


EXTRACTION, RECOVERY, AND PROPERTIES -OF SPECIFIC CARBONYDRATES, OILS, 
AND PROTEINS 


Fractionation of Soybean Oil by Liquid-Liquid Extraction 


A number of tests were conducted to study the cffect upon the 
degree of separation obtained when the temperature of the water in 
the jacket of the cx ctraction colwm was varied, The temperature 

range uscd was from 90° to 1409 es. UNG, FOLIUK Tue as ad jus ted 

to give a 50-50 ratio of products, and the furfural entering the 
column iias cooled to below room temperature. and saturated with ~. 
naphtha, Twenty parts of furfural to one of oil was used for these 
tests. Under these conditions, the difference in iodine value of 
the products was 39 to 53 units, the difference increasing with the 
temperature until the flooding stage was approached, The best. 
Separation was obtained at a temperature of 135°, 
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A series of fractionations was made in which the yields of 
the extract fraction were 24, 36, 48, 68, and 80 percent. For 
the scries as a whole, the diffcrenee in iodine valucs of the 
raffinate and extract fractions increased somcishat as the yield 
of the latter increascd, -This diffcrence was approximately 48 
units when the extract fraction amounted to 24 percent, and it 
increased to 53 units at.80 percent, The iodine value of the drying 
fraction ranged from 169 to 144, while that for the raffinate oil 
varied from 121 to 91. 


An cffort has been made recently to operate at lower solvent 
ratios and obtain more cconomical operation, The cffect of mass 
velocity upon the fractionation of soybean oil was studied for 
three different feed rates. Ten parts of solvent to one of oil 
was used for all of the tests, Oil rates of 62, 92,.and 122 pounds 
per hour per square foot of free cross-sectional area were used, 

It was necessary to operate at lower temperatures, but the degree 
‘.of fractionation, as measured by the differences in iodine values 
of the products, changed surprisingly little. They were 38.1 
37.1, and 36.5, respectively for the oil rates given above. the 
reflux rate was adjusted to give exact yields of approximately 
45 percent in cach cascs 


RESEARCH AND ViARKETING PROJECTS 


Under the Research and liarketing Act of 19465 funds have been 


allotted recently for conducting work at the Northern Regional 
Research Laboratory under the following RIA Work Projects: 


No. 127: Developing Industrial and Other Outlets for Grain 
(Alcohol, Fucls, Vitamins, ctc,) and Evaluation of the Development 
of Motor Fuels in Exncrimental and Full-Scale Engines, 


No. 128: Fundamental Studies on the Flavor Stability of 
Soybean Oil. | 


No. 145: Production of Antibiotics from Agricultural Sources. 


No.-188: Development of Feed and Other Uses for Byproducts 
from Grain and Cther Crop Adjuncts to Alcohol Production, 


Line projects have been prepared for these work projects. 
The line projects do not include items already covered in our 
regular ARA projectse ait 


Recruitment of the necessary personnel has been underway for 
some time and it is hoped that the staff will be rounded out in 
the near future. In the meantime, however, key men for each project 
have been transferred from the regular ilorthern Laboratory staff 
to form a nucleus for building up an RMA staff, and to initiate the 
work as rapidly as possible, to carry out the research inves tiga= 
tions authorized by this Act, 
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AGRICULTURAL CHEMICAL RESEARCH DIVISION 
L. F. Martin, Head 


dannatseieive headquarters and three research sections of 
the Division are housed in the Southern Laboratory building, but 
approximately three-fourths of the experimental work is conducted 
at nine field stations.’ There is research in progress at New Or- 
leans on some phases of all of the projects except those on tung 
nuts. Field stations engaged in work on citrus fruits are located 
at Winter Haven, Florida, and Weslaco, Texas, and on brining of 
cucumber and other vegetable products at Raleigh, North Carolina; 
work on sugarcane and sorgo is conducted. at Baton Rouge and Houma, 
Louisiana, and at Auburn, Alabama, and seasonally at Meridian, 
Mississippi; work on sugar beets is carried out during the pro- 
cessing season in the beet producing areas and at-other times at 
New Orleans; and tung nut investigations are in Ss a Bog- 
alusa, Louisiana, and Gainesville, Florida. 


SOUTHERN FRUITS AND FRUIT BYPRODUCTS INVESTIGATIONS 
Citrus Fruit Constituents 


A phase of this work which has been completed for the cur- 
rent season is the systematic investigation of a large number of 
chemical substances observed by staining techniques at different 
stages during the ripening of citrus fruits. Suitable staining 
or color reaction tests were developed for twelve different 
classes of constituents. These were applied at monthly inter- 
vals from the time. that small fruit had first set and’ attained 
a diameter of about 2 cm. until fully mature fruit was available. 
The tests were applied to oranges from a selected tree at Winter 
Haven, Florida, and to grapefruit from a tree at Weslaco, Texas. 
They show marked changes as the fruit grows and matures and a 
very conspicuous change,when it is finally ripe. An example of 
such a test is that for aldehyde. In the smallest fruit the al- 
dehyde appears to be concentrated near the tips of the vesicles, 
but during development it is found gradually spreading through 
more of the vesicle tissue. ‘When the fruit attains ripeness al- 
dehyde is found distributed throughout the tissues ofthe vesicles. 
The practical significance of this work is that three or four of 
these tests can be followed through next season and their value 
established as a means of determining when the fruit is approach— 
ing suitable maturity-and particularly when it is at the best 
stage of: maturity Lor eee 


The isolation and study. of individual constituents have 
continued with the separation of numerous fractions of the ex- 
tracts of non-volatile lipid WeeSS Be Large quantities of pulp 
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and juice were prepared at Winter Haven, Florida, and Weslaco, 
Texas, and the total lipids adsorbed on celite. From these fil- 
ter cakes the concentrated lipids were recovered by extraction 
with fat solvents. Other solvents such as methyl alcohol and ac- 
etone have been used to separate three compounds in pure crys- 
talline form: a sterol, a sterol glycoside, and a flavanone. Com~ 
pounds of these general classes are known to exist in citrus, but 
these particular compounds have not been described previously. 
Detailed study of their properties and structure is under way by 
analytical and synthetic procedures. When their chemical struc- 
ture is definitely established it will be possible to” investigate 
their chemical behavior under juice processing conditions, and 

to determine any effect they may have on quality of the products» 
Phosphatides, pigments, and saponifiable fats have also been sep= 
arated, but less well characterized than the three crystaliine 
compounds. Significant differences in composition between oranges 
and grapefruit have been found. 


Microbiological Studics 


Separation of organisms from cultures collected in citrus 
canning plant surveys has been effected. The bacteria have been 
identified and results of this part of the survey completed. Few 
bacteria survived, and none multiplied in the acid medium provided 
by citrus juice. Identification of yeasts and molds found in these 
cultures is nearing completion and results will be published soon. 


Feed Yeast Production 


Intensive development and research have continued on the 
process for producing torula feed yeast utilizing citrus feed press 
liquor as a culture medium, Additional continuous runs have been 
made in the large pilot plant at Orlando, Florida, with notable im- 
provement in operating efficiency and yields. Toward the close of 
operation for the 1946-47 season it was found that yeast yields of 
60 percent of the weight of carbohydrate could be attained by di- 
luting the press liquor to a carbohydrate content of 2-3 percent. 
This lead has been followed, and other details are being worked 
out, in a laboratory scale fermentation system at Winter Haven, 
Florida. The plant at Orlando, Florida, was operated routinely by 
the canning company beyond the period of experimental operation by 
the Bureau staff. Several thousand pounds of yeast were produced, 
and about a thousand pounds have been furnished for feeding ¢x- 
periments being conducted by the Florida and Washington State Ex- 
periment Stations. Large scale pilot plant experiments are again 
scheduled for the latter part of the current citrus processing 
season. 


SOUTHERN VEGETABLES AND VEGETABLE 
BYPRODUCTS INVESTIGATIONS 


Microbiological Studies on Cucumber Pickles 


Work at the Raleigh Station during the past year has been 


¢ 
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concentrated on the identification of a large number of. yeasts 

and obligate halophiles isolated from cultures taken from vats 

in which vigorous gaseous fermentation was occurring. This sys- 
tematic mycological study is near completion and results are to 

be published as soon as possible. The relation of Specific organ- 
isms of this type to formation of bloaters in cucumber ‘pickle salt 
stock is to be investigated, employing pure cultures of organisms 
in controlled experiments. : 


BEET AND CANE SUGARS AND BYPRODUCTS 
CHEMICAL AND TECHNOLOGICAL INVESTIGATIONS 


Aconitic Acid 


The second year of commercial recovery of aconitate-from - 
cane molasses and production of aconitic acid as a valuable by- 
product brought substantial progress and expansion. -The economic 
and technological success of this process has now been fully es- 
tablished. While no new mills were able to install equipment and 
initiate the process during the past grinding, the Raceland fac- 
tory more than doubled its output. During grinding a total of 
560,000 lbs. of calcium-magnesium aconitate was recovered and sold, 
Additional centrifugal equipment made it possible to collect the 
precipitated salt efficiently, and the over-all yicld was 2 lbs, 
per ton of cane processed. An average rise of about 1 point ‘in © 
“purity was effected in the processed "B" molasses. A small part 
of the total "B" molasses available was not processed for aconi- 
tate, and results were very gratifying, in view of the short pro- 
duction of molasses from the crop which was lower than usual in 
tonnage and Brix of the Juice. Operation is to’ be extended, and 
an additional 75,000 to possibly 90,000 lbs. of aconitate will be 
obtained by processing final molasses acquired for this purpose. 
This can be dene after the close of the grinding season; recon- 
centraticn of the processed molasses will be necessary, but this 
Should prove profitable, It is hoped in this way: to make avail- 
able nearly half a million pounds of salt, from which about 
£00,000 lbs, of aconitic acid should be obtained to supply indus- 
trial demand. Aconitic acid is not currently available from any 
other source. Pee nA 


Sugarcane Wax 
eee 


There is widespread and increasing interest in the possi- 
bilities of improved grades of sugarcane wax as‘a valuable’ by- 
product of the cane sugar industry. Much interest has been aroused 
by the distribution by the Sugar Research Foundation of the com- 
plete treatise on the Subject prepared at the Houma Laboratory. — 
Scores of inquiries have been received and numerous visitors inter- 
viewed from foreign countries, as well as from many parts of the 


-7 7 


United States. At the present. time American interests, other than 
those who-have been operating Cuban extraction plants for the past 
four years, are considering initial operation on a pilot plant 
scale. Details of design and assembly of required pilot plant 
equipment, and technical advice and assistance have been provided 
by personnel of the Houma Laboratory. 


Sugar Beet Storage 


Generally encouraging results from large-scale tests of 
storage pile cooling last year have been followed by intensive in- 
vestigation and engineering development. Steps have been taken 
by some beet sugar companies to put the method into commercial 
practice. This Division has cooperated with the Bureau of Plant 
Industry, Soils, and Agricultural Engineering, principally on ac- 
curate determinations of optimum temperatures to which beets 
should be cooled, and of the exact saving possible by cooling. 
The best arrangement for effectively and economically ventilat- 
ing piled beets with cold night air is yet to be determined, but 
the value. of the practice is well established. 


Chemical and Microbiological Evaluation of Beet Sugars 


The annual cxamination of campaign composite samples from 
all the beet suzar mills was carried out and the qualities fac- 
tors, both chemical and micrcbiological, were issued in the usual 
form of a mimeographed publication. This report is distributed 
throughout the beet sugar industry, and to a number of cther cor- 
respondents annually. 


Research on Candy 


During the year soybean processors greatly improved the qual- 
ity of commercially available refined proteins. These products, 
consisting of 90 percent or more of soy protein, have recently been 
incorporated with fair success in hard candies. While clear hard 
candy cannot be produced, pulled candy pieces with a wrapper around 
the protein containing center have excellent flavor and appearance, 
and fair texture. Up to 7 percent protein can be so incorporated 
and provides adequate balance in candy that would otherwise be solely 
carbohydrate. The improved proteins are also more readily used in 
enriching creams, nougats, caramels and other types. Price of these 
new refined soy proteins will be a factor in their adoption by com- 
mercial candy manufacturers. Work has been done throughout the 
year on the testing of a wide variety of oils in a search for a 
possible substitute for mineral oil slab dressing. Cooperation is 
continuing with the National Confectioners! Associaticn. 


TUNG NUTS INVESTIGATIONS 
Rapid Methods for Analysis of Tung Fruit 


Fspecial attention has been given ‘curing the year to more 
p g 
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rapid metheds ef sampling and analyzing whole tung fruit. This work 
has been of importance in providing a basis for Commedity Credit 

purchasing of tung. Improved procedures were devised and their.ac- 

curacy established by referee work, Personnel of the Tung Oil. Labora- 

tories are engazed in this work as members cof a sub-committee of 

the American Oil Chemists! Society committee on analysis of 

oil seeds, . 3 
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LABORATORY OF FRUIT AND VEGETABLE CHEMISTRY 
LOS’ ANGELES, CALIFORNIA 
E. A. Beavens, In Charge 


CITRUS 


Standardization of Desert Grapefruit Juice 


» HHMES: ihe’ 

Work on this.» project is. now being concluded and the results 
of three seasons' experimentation and organoleptic tests are 
being compiled for publication. .The following conclusions may be 
drawn from the results of this work: 


1. Of the carbonate salts tested as the neutralizing agent, 
sodium biearbonate was found to be the most satisfactory 
from the standpoint of. cost and acceptance by Food and Drug 
officials, vs 


ai Coeraee was found to be better than dextrose (corn 
sugar) for the sweetening agent. 


3. he best juices were those Pideraived to an acidity 
-of pH 3,2-3.4, and a solids content of 12.5°-13.0° Brix. 


4, .. Organaleptic tests on two seasons' samples prepared 
each-month from October to July have shown a definite 
preference for. the standardized juices. | 


o: The addition of the bicarbonate salt did not cause 
any-loss of vitamin C. 


Freezing Preservation of ePaBeS & Puree 


eens of California and Arizona Valencia oranges and 
California Navel oranges have been processed through a puree 
machine, mixed with cane sugar at the ratio of ‘5 parts fruit to 
1 part sugar, and quick-frozen at -25° F. After nine months 
storage at O° F., these frozen purees were made up into test 
lots. of, orange sherbet by one of the local ice cream companies.- 
All three sherbets were judged to be of excellent quality with 
no evidence of 2 strong Nea rpemeat flavor. Even the Navel orange 
sherbet was good with no bitter flavor which is generally: pro- 
duced when this variety of orange is uscd. These preliminary 
experiments: were so successful that a local freezing company 
specializing” in fruit purees packed a large quantity of frozen 
orange puree last season for use in making orange: sherbet. Ship- 
ments were made to two large ice cream companies in the East, and 


two Los Angeles companies,..such as the Ralph's chain stores, are 


now making orange sherbet from the frozen purec. Frozen orange 
puree is a new contribution to the field of .utilization.of cull 
citrus fruits. 


Keeping ‘Quality of ( Chilled, Fresh orange Juice 


During the past orange eer ns. processing and distri- 
bution of fresh, refrigerated orange juice has become firmly 
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established in Southern California. Laboratory experiments have 
conclusively shown that the storage life ofthis type juice can be 
materially increased if the juice is first deaerated, chilled to 
BOE. diz quickly as possible, packaged in airtight containers 
without leaving any headspace, and stored at a temperature of 
27-30° F. Under these conditions, unpasteurized juices could be 
kept as long as 14 days with little loss of fresh flavor, and no 
loss of vitamin CC. Juices kept at these temperatures as long as 
21 days were judged to be superior in flavor to most commercially 
anned juices now on the market.’ 


After comparing the flavor of deaerated and undeaerated fresh 
orange juice stored at 30° F. for 12-14 days, one of the largest 
packers of this type of juice immediately installed deaeration 
equipment. Another large packer now cools his juice to 30° F. and 
ships it as far as New York City at this temperature, with no loss 
of any shipments and no complaints of stale flavor from the con- 
sumers. ES . 


cee orl Geeperr Oe hey Sreoee eernar 

Work has been continued on the freezing preservation of grape- 
fruit segments to determine what months during the growing scason 
are the most desirable to pack this type of product.* Frozen 
Segments prepared from grapefruit picked before the latter part 
of January were poor in quality since they were bittér 2nd lacked 
a characteristic fruity flavor. 


Lots of mixed grapefruit and Navel orange segments packed 
in sweetened and unsweetened grapefruit juice and in suga 
Syrups were sampled after 9 and 12.month storage periods at 0° F.. 
These mixed segments were found to be of excellent flavor, color 
and texture, with no bitterness apparent in the Navel sections. 
This product has an excellent eye appeal because of the brilliant 
orange colored segments. Navel orange segments packed in Navel’ 
orange juice were distinctly bitter in flavor. Apparently the 
bitter substances in the Navel orange are located: in the peel 
and’ get into the juice-as a result of the reaming process. By 
removing the segments from the peel and section membranes and 
freezing in grapefruit juice or water syrups, no bitterness 
develops. | | | 


Heat Processing of Grapefruit and Navel Orange Segments 


California-Arizona Desert grapefruit segments have never been 
commercially heat processed in quantities since they are very 
tender in texture and are easily broken up as a result of the heat 
treatment. If‘heat processed segments could be successfully © 
packed and distribtted without excessive damage to their texture, 
it would open a new outlet for the utilization of grapefruit: and 
possibly Navel oranges, Samples of grapefruit segments were 
packed in hermetically sealed cans-and heat processed in hot 
water at 200° F. for 2-1/2 minutes. These samplcs wero then ex- 
amined for firmmess with varying degrees of success, depending 


see ee 

on the maturity of the fruit and other uncontrolled factors. Since 
canned tomatoes have been successfully firmed by the addition of 
small amounts of calcium salts, it was thought this treatment might 
work on the grapefruit segments. Samples were processed with added 
calcium salts and similar quantities of the salt plus low-methoxyl 
pectin. On the basis of drained weights and tasting, it was evident 
that the added calcium had definitely aided in firming the segments. 
The best results were obtained with the calcium salt-pectin mixture 
which reduced the drained weight losses by 50 percent. 


Mixed Navel orange and grapefruit segments were packaged in 
sealed containers and heat processed in hot water at 2009 F. without 
the addition of any firming agents. After eight months storage at 
room temperature, these segments were still well flavored with no 
evidence of bitterness from the Navel orange. Other packs of 
straight Navel segments put up in sugar syrups and sweetened Navel 
orange juice were similarly heat processed and sampled after eight 
months storage. The segments in the water syrups were well fiavored 
while those put up in the Navel juices were extremely bitter and not 
fit to eat. 


VEGETABLE PRODUCTS 


Improvements in the Quality of Canned Tomato Paste 


This work was undertaken to study the chemical composition and 
physical characteristics of commercially canned tomato paste as a 
basis for judging quality in samples prepared under present day 
methods of processing. Samples of tomato paste are being prepared 
in the pilot plant under controlled conditions to determine what 
improvements in quality can be made. The development of more suit- 
able and accurate methods of analyzing tomato paste as a measure of 
quality is being undertaken. Considerable time has been spent in 
working out a method for determining the iron ond copper contents 
of the samples, both spectrographically and colorimetrically. 
Chromatographic methods for determining the lycopene and carotene 
content in tomato paste have been developed as well as methods for 
evaluating the color of the samples. A method for measuring con- 
sistency of tomato paste has never been available to the industry. 
A "penetrometer" fitted with a newly designed penetration cone has 
been adapted to make these measurements, and its use has proven to 
be highly satisfactory. 


RESEARCH AND MARKETING ACT OF 1946 


An appropriation of $250,000 has been made from R&MA funds 
for the construction and equipment of a laboratory at Pasadena, 
California, near the California Institute of Technology. This new 
laboratory will provide quarters for the Bureau's Laboratory of 
Fruit and Vegetable Chemistry which has been housed in rented space 
in Los Angeles since 1914, The new. laboratory will be known as 
"Research Laboratory of The Bureau of Agricultural and Industrial 
Chemistry." \Plans have been drawn, and bids for its construction 
were . opened on February 95,1948. It is anticipated that the new 
laboratory will be ready for occupancy within a year. 


R&MA financial work on "New and Improved Uses of Citrus 
Products" will be a part of the program at the new laboratory. 
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FRUIT AND VEGETABLE PRODUCTS LABORATORY 
PULLMAN, WASHINGTON 
A. HM. Neubert, In Charge 
FRUIT PRODUCTS 


Freestone Peach Canning and Freeda ng Studies 


Studies on the relation between harvest matmrity and quality 
of cenned and frozen freestone peaches showed that there is no 
advantage, insofar as the quality of these products is concerned, 
in permitting either the Elberta or J. H. Hale varieties to be- 
come soft-ripe on the tree. A slightly lower quality resulted 
when these varieties were harvested at maturities requiring 
more than 8 davs to ripen, and there was considerable loss in 
quality when 11 or more days were required for the fruit to 
ripene Losses from bruising caused reduced yields of product 
when the fruit was permitted to soften on the tree. Decreased 
yields also resulted when the fruit was: harvested on the imma- 
ture side, because such fruit had not reached full size at 
harvest, and also because of wilt during ripening. 


Results of « study on the effect of ripening procedure 
on the quality of the canned product showed that fruit ripened 
at about 75 deg. Fe, under: conditions of either moderate or high 
humidity, developed a better flavor and retained good flavor 
over a longer period than that ripened at higher temperatures. 
Preparation of a manuscript covering the technical aspects of 
the freestone peach processing industry in ‘ashington was 
undertaken in cooperation with the Irrigation Branch Station 
and Department of Horticulture, State College of “iashington, 
and the Western Regional hesearch Laboratory. 


An investigation in size-grading freestone pers.ches showed 
mechenical grading to be commercially practical provided cer- 
tain precautions were taken in handling the fruit, and suitable 
sizing equipment was used. To avoid excessive bruising, it was 
found necessary to size and sort pvp aches within 24 hours of 
harvest. Greater delay resulted in progressively increasing 
losses from bruising. Diverging belt-type graders were found 
incapable of sizing fruit with sufficient accuracy to permit 
packing one size of halves from ao given size lot. <A modified 
weight-type grader, capable of accurate size grading, was 
limited in capacity, and large, multiple units would be neces- 
sary for commercial operations. The use of mechanical size 
grading would permit greatly increased efficiency in the ope ra- 
tion of freestone peach processing plants. , These studies were - 
conducted under a cooperative agreement with the BPISAE Labora- 
tory, i.enatchee, *ashington; ... Wenatchee Foods,.Jnc., Wenatchee, 
Washington; Storr Food Products Company, Yakima, Washington; and 
Food Machinery Corporation, “ieriatchee Branch. 
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Canning Investigations on Apricots 


Studies on the suitability for canning preservation of apri- 
cot varieties grown in Central Weshington were continued in 
cooperation with the Irrigation Branch Station, State College of 
Washington. Studies on the relation of maturity at harvest and 
method of ripening on canning quality were also continued. Results 
of these studies will not be available until quality evaluations 
can be completed and the data summarized, . 


Detartration Studies on Grape Juice 


Studies on detartration of Concord grape juice and the use of 
ion-exchange resins in controlling acidity were continued. Ion- 
exchange treatment was found to slightly increase the ratios, 
PoOc - Mg O and PoOc - Ca O, but the main effect was the removal 
of potassium ions. The only differences noted in juice quality 
as a result of ion-exchange treatment was an increase in acidity 
and a shift in color from blue to red which accompanied this in- 
creased acidity. Studies were continued on the problem of resin 
degeneration during use. A solution of the resin degeneration 
problem:would permit use of this process by Pacific Northwest 
grape juice packers for accurately controlling the acid content 
Of this product, and would also permit substitution of bulk-tank 
refrigerated juice storage in place of the present method of 
storage in 5-gallon carboys. 


VEGETABLE PRODUCTS 


Froth Flotation Process 

Considerable time was devoted to consultation with pea pro- 
céssors on the application of the froth flotation process to the 
cleaning of vined green peas. Fifteen froth flotation units 
were constructed and operated by pea processors in the eastern 
Washington and Oregon pea areas. These units, costing from $2500 
to $5000 each, and representing e combined capacity for cleaning 
3h tons of peas per hour, were used in both camming and freezing 
plants. Value of the process to the industry in 19.7 is esti- 
mated at over $300,000, with a probable annual value of about 
$2,000,000, when the process becomes fully exploited by the 
entire industry, 


Canning Technology of Pacific Northwest Vegetables 


Studies on the canning quality of vegetables grown in the 
Lewiston area of Idaho were continued in cooperation with the 
Department of Horticulture, University of Idaho. Special atten- 
tion was given to the effect of fertilizer treatment on the canning 
quality of tomatoes. Results of these studies will not be avail- 
able until quality evaluations can be completed and the data 
summarized. 
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Freezing Technology of Pacific Northwest Vegetables 


Studies on the freezing preservation of sweet corn were 
continued in coopuration with the Department of Horticulture, 
University of Idaho and the Western Regional Research Laboratory. 
Emphasis was. placed on the relation of planting date and irriga- 
tion program on maturing characteristics of the Golden Cross 
Bantam variety. Information on the yield and processing. quality 
of twelve varieties of corn, as grown in the Lewiston, Idaho, 
district, was released to the industry. 
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ENZYME RESEARCH LABORATORY 
Arnold Kent Balls, Head Chemist 


This Laboratory is engaged in basic research on the 
natural catalytic substances in living tissue which determine 
its growth, ripening and decay, and on the differences the 
natural catalysts make in the size, ripeness and shipping 
qualities of agricultural products. Full maturity and ripeness 
are generally desirable in any agricultural product, but quite 
often they also predispose the material to decay and thus 
interfere with shipping and keeping qualities. The present 
methods. 6f hend ling . foods are frequently a compromise between 
ripeness and resistance to decay in storage or transit. 


Much of the work of the Enzyme Research Laboratory deals. 
witl the basic chemistry of ripening, which is in turn largely 
concerned with the changes that starches, sugars and in some 
cases also. fats undergo in the ripening agricultural material, 


Artificial Stimulation of Ripening: Experiments on the 
artificial stimuletion of ripening in citrus fruits have been 
conducted for several years. The California Experiment Station 
has helped us tremendously in this work. Such artificial 
ripening decreases the bitter taste acquired by Navel orange 
juice on standing, but so far it has apparently produced other 
off flavors instead. 


Artificial stimulation of ripening in freshly harvested 
rice appears to decrease somewhat the heating of the grain in the 
storage bins, and is being tried out commercially in a small WaYe 
A similar effect was found with prematurely harvested wheat. There 
is some evidence here of an immediate "aging" of the wheat, permitting 
it to be milled sooner than would normally be possible. 


The Bitter Principle of Navel Oranges: In line with the 
foregoing research, the bitter substance (limonin) that forms in 
avel orange juice is being investigated chemically. Its 
structural formula, so far as we have worked it out, has offered a 
clue to the way this substance is formed and what its precursor in 
the juice may bes 


Enzymes Causing Changes in Starches, Sugers and Fats: All 
these enzymes play a part in the process of ripening, ond many of 
them are being studied. The enzymes in grains that change starch to 
Sugar are receiving considerable attention, and a similar starch- 
digesting enzyme from sweet potatoes has been crystallized, so its 
action in the pure state can now be studied. The alpha-amylase of 
melt has nlso been prepared in a much purer form than ever before 
attained although the protein has not yet crvstellized oute 
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The build-up of sugar in citrus: fruits evidently involves 
the action of phosphates in the plent, and a new reaction whereby 
phosphate is transferred in oranges from one substance to another 
has been discovered-and is being studied. This: new biological 
reaction seems to: be a Saves general one throughout eee plant 
and et nature e . 


: The role of fats in: apPeeMaeane ty chemistry has also been 
considered in.a study of the substances known as phospholipids. 
While these are present throughout nature, itis very difficult 
end often impossible to separate them from one another. To over= 
come this difficulty, one such’ substarice (dipalmitoyl céphelin) | 
has been synthesized in the laboretory and is now being studied. 
The preparation of this compound, now available for the first 
time, was a SRE recht ca etiad oar of which we are quite proud. 


Effect of High preawure’ on ti sect of Agricultural 
Products: From theoretical considerations 1t appears probable — 
thet extremely high pressures may be expected to activate and/or 
inactivate enzymes. Different enzymes should; however, be affected 
at different pressure levels, thus offering. on opportunity to 
separate them, and perhaps to get rid of undesirable enzymes in 

any biological products such as sera and similar medical prepara- 
tionse is a ee 


In order to investigate this idea a rather complicated 
apparatus has been built that can subject about 25 cc. of a liquid 
to pressures as high as 130,000 pounds per Square inch for long. 
periods of. tiie ys ‘The machine thas just recently been completed. 
Preliminery experiments indicate that profound effects: ‘are in fact 
produced on enzymes by such: ouEous pressures, but we ‘hd ve no zl 
details to report yete. ‘i ty 
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DIVISION OF BIOLOGICALLY ACTIVE COMPOUNDS 
Thomas D. Fontaine, Acting Head 
BASIC INVESTIGATIONS IN THE CHEMISTRY OF AGRICULTURAL PRODUCTS 
Investigations on the Biochemistry of Plant Disease Resistance 


It has been established that tomato plant juice contains an 
antibiotic(s) which inhibits the growth of the specific tomato wilt 
causing organism, Fusarium oxysporum f. lycopersici. The antibiotic 
activity of crude tomato plant extracts has been designated as 
"tomatin", whereas one crystalline compound isolated, possessing the 
antifungal properties of crude tomatin concentrates but showing very 
low antibacterial activity, has been designated as "tomatine". 
Crystalline tomatine has been tentatively identified as a glycosidal 
alkaloid, consisting of an aglycone portion (designated as "tomatidine") 
and a carbohydrate fraction. Tomatine and tomatidine have been 
shown to be different from solanine and solanidine (the latter two 
obtained from the Irish potato plant), The antibiotic activity of 
tomatine has been found to reside in the aglycone portion (tomatidine) 
of its molecule, 

t 

Since crystalline tomatine and tomatidine showed considerable 
antibiotic activity toward certain of the fungi which cause disease 
in man, they ere of interest from a medicinal standpoint. The 
pharmacological and clinical studies on these compounds are in 
progressSe 


Rutin has been isolated from tomato plant extracts during 

experiments designed to purify the antibiotic factors present in 

such extractse The isolation of rutin was accomplished by chromato- 
graphic procedures and because rutin and the antibiotic activity of 

crude tomatin concentrate were eluted from the column together an 
early indication of the nature of tomatine was indicated. In certain 
instances it was found that tomato plant juices failed to inhibit 
certain organisms which were readily inhibited by crystalline tomatine, 
The testing of tomatine in the presence of rutin or quercetin de- 
monstrated that they had an antagonistic effect on the antibiotic 
activity of tomatine. It has been recognized that tomato plant 
extracts contain stimulators as well as inhibitors and the importance 
of these and other factors are being investigated in relation to 
plant disease resistance. 


Investigations on the Mechanism of Action of Plant-Growth Regulating 
Substances 


A growth--regulating compound, 2-iodo-3=nitrobenzoic acid, 
containing radioactive iodine has been used in these investigations. 
The compound has been designated as “INBA", By using radioactive 
INBA as a tracer it has been possible to demonstrate that the plant - 
growth regulator enters the plant and accumulates in the actively 
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growing tissues; is probably associated with the carbohydrate 
fractions; and can be recovered from the plant as the intact molecule. 
It has been shown also the t a non-essential metabolite, such as INBA, 
is concentrated in the tissue of an artif ‘icially induced tumor in 

the bean seedling when. the growth regulator is applied to a leaf. 

The differences in the action of growth regulators toward dicotylodon- 
ous and monocotyledonous plants are being investigated. 


Potential plant-frowth rerulators have been synthesized and 
treated a eet vi iy. A nev plant-growth regulator, having approximately 
95 percent of the plant-growth reeulating. activity-of 2,4-dichloro- | 
phenoxyacetic acid (the well known weed killer), has been synthesized. 
The new compound can be made to contain radioactive iddine and it 


will now be possible to investigate the mode of, action of a typical 
halogenated phenoxvacetic acid. 


PHARMACOLOGY DIVISIONa ALBANY, CALIFORNIA 
Floyd DeEds» Head 


PHARMACOLOGY INVESTIGATIONS 


Azopenicillin. 

A sample of azopenicillin was submitted by the Northern Reg-= 
jonal Research Laboratory for determination of toxicity» Due to 
difficulties in preparing a suitable solution of azopenicillin for 
intravenous administration only a limited study has been made. 
Using an aqueous solution of azopénicillins and working as rapidly 
as possible to avoid difficulties due to jelling, a tentative de~ 
termination of the acute toxicity has been made in 22 white mice. 
The dose required to kill 50 per cent (LD,,) of the mice was found 
te be about 126 mgm. per kilogram ef body weights Welch and coe 
workers have reported the LDsq of sodium penicillin to be about 
1600 mgme per kilogram of body weight in micee Assuming the two 
strains ef mice to be comparable, and assuming that slight jelling 
of the solution played no'role azopenicillin appears to be about 
12 times more toxic than sodium penicilline However, these results 
are only preliminary and it may be that a more suitable solvent 
will give different results. 


Nicotine Derivatives. 

l-nicotine and five dérivatives have been compared with re-# 
gard to their ability to produce the same rise in blood pressure 

of dogse These observatiens were made in dogs incidental to other 
experimental. procedures and are therefore of a preliminary natures: 
All the compounds were dissolved in water with the aid of hydro- 
chloric actd and the pH adjusted to approximately 7 with the aid of 
a glass electrodee The compounds were administered intravenously 
te dogs under barbital anesthesia, and all doses were calculated 

in terms of mgm. per kilogram of body weight. If a value of 1 is 
assigned to lenicotine, the relative quantities of the six cempounds 
required to produce the same rise ig blood pressure are as follows: 
l-nicotine--l, metanicotinc--5, d-l-nornicotine--6, n-methyl 
myosmine--40, nicotyrine--160, myosmine--500. 

Using oral administration in rats the acute toxicity of nico- 
tyrine was determinede A dose of 1175 mgme per kilogram of body 
weight killed 50 per cent of the animals. Oral administration to 
rats of 1000 mgme per kilogram of body weight produced severe chro= 
modacryorrhea (bloody tears). 


Lauryl Gallate. 

The chronic toxicity of lauryl gallate has been studied by 
feeding groups of rats a control diet and diets containing Oe006s 
0.0125 Os025s Oe05s Oolsy Oe25s Dede 160, 2055 and 50 per cent of 
the compound. Feeding of these diets for 100 days produced no 
effects on the growth rate or general apvearance ef the animals 
when the concentration of lauryl gallate was 0.5 per cent or less- 
Growth rate was rotarded by 1 per eent and all animals receiving 
2+5 or 5 per cont died within 10 days. 


Rutine 
Investigations on the mechanism of action of rutin have con- 


tinued+ Studies on the effect of rutin on the oxidation of epine- 
phrine, by the Warburg technic, have show that rutin is far more 
offective in preventing the autoxidation than in retarding oxida- 
tion catalyzed by Cut+ or amine oxidase. 

Preliminary experiments have shown thet rutin and its agly- 
cone quercetin have a sparing action on suboptimal amounts of . 
ascorbic acid when administersd to scorbutic guinea pizse 

Trypan blue-injected intravenously in rabbits escapes from 
Skin capillaries Slowly under norm2l conditions but escapes rapidly 
in areas of irritation induced experimentallye Following injection 
of rutin the escape of dve in ‘irritated arcas is definitely re- 
tarded, thus demonstrating a direct or indirect effect on the cap-= 
illaries. pi 
Cottonseed Meal-and Pigment Glands, sir, SRE. " 

Hexene extractod meal has been shown to be:more toxic than 
defatted-depigmented cottonseed meal. Feeding experiments on albino 
rats have showm that 0.25 per cent. pigment glands added to the 
basic diet interferes with reproductions Histological studies de- 
monstrated that this decreased fertility is due in part if not 
wholly .to depressed spermatogenesis. 


Subtilin. 

Investigations on the antibiotic subtilin have shown that red 
blood cells are agglutinated in vitro. Following subcutaneous or 
intramscular injection absorption is too slow to permit attainment 
of therapeutic. concentrations in the blood streame Slow intra- 
venous infusion of subtilin will yield desirable blood.levels» but 
the rate of infusion must be slow enough to avoid precipitation of 
subtilin and the production of anaphylsctoid roactionse 
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MICROBIOLOGY RESEARCH DIVISION 
Located: at 
Eastern Regional Research Laboratory 


Mathilde. Solowey, Acting Head of Division 


“MICROBIOLOGY OF DRIED EGGS AND RELATED EGG PRODUCTS * 


Heat. Resistance of Salmonella Organisms Isolated from Spray-Dried 
Li ts Powder : 


The Decimal neaueLion Time was applied to determine the rel- 
ative heat resistance of 95 strains (2h types) of Salmonella and 
other Gram-negative organisms suspended in liquid whole egg and 
in tryptose broth. With the exception of strains, the DRT 
(90% kill) for all the organisms was less than one minute at 
58° c. The data add further support to the practical application 
of pasteurization of liquid egg for reduction in the numbers of 
unde sirable pon Sela ag 


Mold in Sonayenpieauincisueye Powder 


Examination of more than 6,000 samples of high-moisture 
(4 to 6%) spray-dried whole-egg powder for presence of molds | 
revealed that 36% of the samples had mold counts of 100 or 
higher per gram; only 1.3%, however, had counts of 1,000 or 
higher. Incidence of molds in the samples varied with the season 
of year as well as with individual dehydration plants. Asper- 
gilli were most frequently isolated from high mold count samples 
(1,000 per gram or higher). Comparative growth of the different 
molds as a function of the incubation temperature was also inves- 
tigated. 


Aerobic Mesophilic Sporeforming Bacilli Isolated from Egg Powder 


Taxonomic studies were made on 279 cultures isolated from 
177 samples of egg powder representing lots produced in 32 
dehydration plants. The cultures were picked from tryptone- 
glucose-extract agar and dextrose-tryptone agar plates incubated 
at 55° C. ‘Two hundred and seventy-two of the cultures were 
identified as B. subtilis, the remainder as B. megatherium or 
B. brevis. It is indicated that the presence of aerobic meso- 
philic sporeforming bacteria in egg powder which are culturable 
at 55° C. may reflect on the quality of the shell egg dried and 
their presence may hasten spoilage of food products and food 
dishes in which the contaminated powder is incorporated. 


* These investigations were undertaken in sooperation with the 
Poultry Branch, Production and Marketing Acwinistration, 
U. S. Department of Agriculture, Washington, D. C. and/or 
the Quartermaster Food and Container Institute for the 
Armed Forces, Chicago, Illinois. 
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An Investigation of Hypochlorite Solutions as Used in the Egg- 
Breaking and Dehydration In ustries 
a Raa aaa a rt sy ee teens 


Investigations on the germicidal values of disinfectants 
used by food industries in the sterilization of processing rooms, 
equipment and utensils have to date proceeded along the following 
lines: (1) the influence of liquid whole egg upon the available 
chlorine in solutions of sodium hypochlorite, and (2) the influ- 
ence of liquid whole egg on the germicidal efficiency of hypo- 
chlorite solutions, Results indicate that chlorine residuals are 
not good indicators of bactericidal activity for solutions of 
hypochlorites containing appreciable amounts of liquid whole egg. 
Concentrations of. liquid whole egg and exposure time are two.of the 
mordimportant factors which influence bactericidal efficiency of 
a hypochlorite, other factors being pH, temperature and agitation 
of the solution, Farem } ‘ . 


RMA Projects 
pinata aon Sic Aas haa 


One RMA project has been approved for this Division to date, 
Lae "Quality Preservation of Poultry Products, Improved 
Products, and Improved Techniques in Maintaining Quality in 
Storage" (Line Project No. RMA Part II - 112-MRD-1, “Improvement 
of Microbiological Methods for the Detection of Salmonella 24 
Organisms in Poultry Products"). In view of the Fact that the 
funds for this work have only recently been made available, the 
activity so far has been concerned only with recruitment of 
personnel and purchase of equipment. 


i 
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NAVAL STORES RESEARCH DIVISION 
KE. L. Patton, Head 


Approximately two-thirds of the research of this Division is 
carried out at New Orleans; the remainder at the Naval Stores 
Station, Olustee, Florida. 


INVESTIGATION OF NAVAL STOR#S PRCDUCTION 
PROCESSiS AND EQUIPMENT 


Processing of Pine Gum 


mesearch in processing has centered on improvement of the 
Division's process for the continuous flash distillation of pine 
gum. This process, first developed in 1945, has proved appli- 
cable to the distillation of undiluted, cleaned pine gum, as well 
as to the lighter diluted gum for which it was developed. Use of 
the continuous flash still to strip solvent at atmospheric pressure 
from any reasonably steble solution appears possible, and several 
inquiries have been received suggesting further investigation. 


Construction has been started on a model of the continuous 
flash still of commercial size to demonstrate the lower production 
costs and improved quality of product obtained by this system. 

The new still should be ready for operation during the summer of 
1948. 


Studies of Cup end Gutter Materials 


Investigation has continued to determine the materials most 
Suitable for turpentine cups and gutters when used with the Forest 
Service system of sulfuric acid stimulation of pane “trees. A 
Suitable material must withstand not only the corrosive action of 
sulfuric acid, but also the considerable amount of mechanical 
abuse found in ordinary turpentining operations. The perfect 
material has not been found, but information hes been gained on 
the useful life of commercial cup materials under acid stimulation. 
Vitreous enamel, nickel, monel, and various resin-coated cups have 
been further tested with different degrees of success. Additional 
testing is necessary before the proper cup material can be selected. 


INVESTIGATION OF THE COMPOSITION, COMPONENTS , 
AND DERIVATIVES OF NAVAL STORES 


Synthetic Blastomers from Turpentine Derivatives 


Products of gum turpentine, such as isoprene and myrcene de- 
rived from alpna- and beta-pinene, respectively, have been - 


copolymerized with styrene under a wide variety of conditions. 
High-quality synthetic elastomers have been produced in good 
yield utilizing isoprene from turpentine. 


Chemical Derivatives of the Pinenes 


Work has been continued on the development of useful chemical 
derivatives of alpha- and beta-pinene. These include hydration 
products and chlorinated and silicon-containing compounds. Basic 
information on the reactions and structures of these substances is 
being accumulated with the ultimate object of developing new indus- 3 
trial uses for turpentine. 


Composition Studies 


; The composition of various commercial terpene products was 
determined by cereful frectional distillation and examination of 
the physical properties of the fractions obtained. Methods have 
been developed for determining important impurities, namely, acids 
and peroxides, in turpentine. 


INVESTIG/TION OF THE USES OF NAVAL STORES 


Purification of Dehydrogenated Rosin 


Increasingly large quantities of catalytically dehydrogenated 
roSin are being used in the manufacture of synthetic rubber, specif- 
ically GR-S 10. Certein impurities present in such rosin decrease 
the rete of polymerization end/or the yield of polymer. But it was 
found that these undesirable impurities were removed if the dehydro- 
geneted rosin was dissolved in petroleum naphtha and percolated 
through towers of fuller’ earth or other adsorbent silicates. The 
improved rosin gives better yields of polymer when used as an emulsi-_ 
fier, (The impurities adsorbed on the fuller’s earth are easily 
dissolved off with alcohol so thet the adsorbent can be used over 
and over again). 


The use of the alkyl esters of the maleic anhydride addition . 3 
product of levopimaric acid as emulsifiers for synthetic rubber is oa 
now being investigated. Polymers having considerably higher elonga- 
tions and tensile strengths have been prepared with these emulsifiers 
than with the commonly used emulsifiers. | 


Utilization of Resin Acids 


Considerable work has been done on the préparation of the maleic 
enhydride adduct of levopimaric acid from pine gum. The conditions 
necessary for the nearly auantitative separation of this adduct have 
deen determined. It has also been found that by, esterifying the. 
mixed mono- end diglycerides of linseed oil with the addition product, 


varnishes having excellent hardness and water resistance can be 
prepared. Further studies are under way on the effect of acid 

stimulation of pine trees on the composition of the gum and the 
effect of such changes, if any, on the utilization of the rosin 
obtained. ; 


Studies have .also been carried out on the composition of the 
pine gum produced by fungus-stimulated trees. 


The seperation, purification, and identification of the acidic 
components of pine gum and rosin have been studied. e 


Prevaration of Rosin Esters and Metallic Resinates 


It is desirable to reduce the acidity of rosin which is to be 
used in varnishes end surface coatings. This is usually done by 
reacting the rosin with a polyhydric alcohol such as glycerol, or 
with a metellic oxide such as calcium or zinc oxide. The optimum 
conditions for carrying out such reections have been investigated 
and the physical and chemical properties of the resins formed have 
been determined. 


INVESTIGATIONS UNDER RESBARCH AND MARKETING ACT 


RMA-100_ Pilot Plant Production of Gum Naval Stores Derivetives 


Research was begun in October 1947, on pilot plant production 
of gum naval stores derivetives to develop new products obtsinable 
from pine gum, other than the traditional turpentine and rosin. 

The first product selected for pilot plent development was the 
maleic anhydride adduct of levopimaric acid, derived from undis- 
tilled pine gum. This adduct should prove useful in the preparation 
of high-quality surface coatings and other industrial uses requiring 
a high melting point bi-functional compound. Laboratory production 
of the adduct was developed by this Division in 1946. It is the 
intention of this project to determine production costs, necessary 
equipment, and otherwise to commercially evaluate new products 
which may be mede easily by neval stores processors already in 
operation. 
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NATURAL RUBB!R EXTRACTION & PROCESS ING INVESTIGATIONS 
U. S. NsTURAL RUBBER RESEARCH STu.T ION 
SALINAS, CALIFORNIA 


Leese Pues UaL, GeO. ! ‘pi 


The development of sources of rubber either within the 
United States or in areas in the Western Hemisphere where 
lines of supply can be protected by our armed forces, has 
‘been recognized as essential to our national security. The 
Stockpiling Act directed the Secretary of Agriculture to 
conduct research on agricultural materials declared strategic 
and critical under the provisions of that-Act. Rubber was ‘so € 
designated, and appropriations were requested to conduct the 
necessary researche 


« ved 


The Emergency Rubber Project of the Department of Agri- 
culture, which conducted research onthe production of domestic 
rubber during the war, was liquidated in 1946. Subsequently, 
the Navy Department, through its Office of Naval Research, 
provided funds for an interim program of research, pending the 
time when the Department of Agriculture could obtain appropria- 
tions. A contract to conduct research on guayule was arranged 
by the Office of Naval Research with Stanford University. This 
contract was terminated on July 31, 1947. 


The Department of Agriculture again took over the work on. 
August 1, 1947, the Bureau of Agricultural and Industrial Chem- 
istry being designated to conduct research on rubber extraction, 
processing, and byproducts;and the Bureau of Plant Industry, 
Soils, and Agricultural Engineering conducting research on all 
phases of crop productiom. Guayule and Kok-saghyz were regarded 
as outstanding in their promise for domestic rubber production. 
Of the two, guayule shows the greater immediate promise of high 
yield a nd low-cost production and will receive major attention. 
Research:on guayule is based on the results of intensive war- 
time studies which point clearly toward the objectives of lower t 
production costs, higher yields, and increased efficiency in 
recovering the available rubber. The work of this Bureau's 
Laboratory is divided into four sectioms: The Latex Section will ‘ 
develop methods for the recovery of natural rubber in latex form. 
The Laboratwry Extractions Section will conduct chemical and 
technological research on the extraction of rubber, resins, and 
other constituents; research on methods of recovery of the rubber 
in coaguleted form; retting solvent extractions; and separation 
of rubber hydrocarbons and resins. The Pilot Plant Operations 
Section will engage in developmental work on a pilot plant scale 
for the recovery of rubber; the perfection of various processing 
steps;,and the development of new and improved methods for ex- 
traction operations. The Analytical ond Physical Testing section 
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will perform service and control chemical analyses and tests 

for the other sections, as well as research on the devel opment 
of new or improved methods for the chemical analysis of consti- 
tuents of rubber-bearing plants, and the physica testing of 
various rubber products. The latter section will also engage 
in-a search for special uses for which the domestically produced 
rubber products may be utilized to best advantage. 


Cooperative arrangements have been tentatively negotiated 
with the Bureau of Plant Industry, Soils and Agricultural Engineer- 
ing, relating to planting, maintenance and harvesting of guayule 
shrub for experimental use of this laboratory, and to other matters 
of mutual cmcern. 


Much time has been spent in reassembling and repairing equipment 
and collecting necessary supplics; also in recruiting competent 
personnel, particularly group leaders and other staff members 
previously engaged in rubber extraction and processing investi- 
gations under the Emergency Rubber Project. Approximately half 
of the proposed staff has now been appointed. 
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